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Preface

The seriesJava for the Study of Evolutiois directed to scientists that want to
manage a serious but not excessively expensive tool to swvalution by direct
experimentation under perfectly controlled conditionBe3e requirements cannot
be metin nature but only in simulations and mathematicaletsodn consequence,
the series has three main purposes:

1. To endow the community eésearchers in biology and evolutiorwith high
level programmingenabling an accurate study of models and simulations of
the most diverse nature.

2. To clearly show how this tool is used to study the fundamlespiestions of
evolution.

3. To suggest that the study of Java could/bey fruitful for undergraduates
in biological sciences even more than calculus alone.

This is the ninth volume: The immune system is a biochemical achin-
ery that distinguishes self from non-self. Its way of operabn is abstracted
here into a technology that is known as n-gram analysis. We slw how it is
used in linguistics to identify languages and to measure lgguage divergence,
and in evolutionary genetics to propose distances betweerajps of complete
proteomes, which can then be plugged into a phylogenetic tee

Bogota, Colombia, Jos Rodiguez
May 2013
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Introduction

The immune system can distinguish self from non-self. Stegtép and along the
first three chapters we elaborate this discriminating ciéipainto a technology
that is known as-gram analysisof texts and that we apply to build language rec-
ognizers. In chapter IV we show how we can apply it to the stfdire proteome,

a complete set of proteins of a species. Chapter V preserfsisidht.
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Chapter 1

Metrics

Measuring differences

1 Purpose. Adistancemeasures how different in a given respect are the elements
of a given set. A distance associates a real number to everyopalements, the
different, the larger is that number. DNA and protein molesican be given many
diverse distances, as we show below. Next, we begin our efiidynunological
distances, which are induced by the way the immune systekswaor fact, this
system discriminates self from non-self, so it ipso factmes a distance.

1.1 Distances

To measure differences among objects, we can use distahicese are functions
that assign a non-negative number, a distance, to a paieofegits of a given set.
The design of a distance must obey a simple rule: the differenthe objects, the
larger shall be the associated number. This means that enenhiastinctive way
of measuring differences and the purpose of design is toggmpa function that
somehow copies the intuitive rule. But, how can one know thigtcreative work
is correct?

2 Testing a proposal for a distance

If one wants to make sure that a proposed distance is cothect,we have a
test: every distancd must comply with the following conditions:

1. d(a,a) = 0: there is no distance in within one object and itself.

2. d(a,b) = d(b,a): the distance betweemandb is as large as that betweén
anda.
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3. d(a,b) <d(a,c)+d(c,b): the direct distance is less or equal than any other
indirect one.

There are many forms as we can measure differences among DiNgss To
see that, let us consider the next strings

a = ATTATTCTGGC
b = ATTATTCTGGC
c = ATTATTATGGC
d = ATTATTA

3 The head to head alignment

Before measuring distances between two sequences, onaligasthem. Se-
guences can be aligned in various ways. The default one isd¢hd to head
alignment, in which we align the letters site by site beginning fromittogigin at
the left. Thus, the alignment is determined by the first Isitevhich are posited
head to head. All others letters are compared shoulder talddo If the strings
have different length, we fill shorter strings with blanksgdarount a blank as a
symbol. Unless otherwise specified, we adopt the head todlepument.

4 The discrete distance

To measure the difference between two strings, we compam thtter by
letter. If all letters are the same, we declare the strindsetequal and define their
distance as 0. If it happens that we find at least a mismatelgitihance is defined
as 1.

Thediscrete distanceis defined by

, [ 0 if x=y
discretex,y) = { 1 otherwise
So, this distance assigns a zero when the two strings ceireid 1 when they
differ in at least one site.
For the strings that have been listed above, we fthseretéa, b) = 0 while
discretéa, c) = discretéc,d) = 1.

5 Challenge. Test discrete to see if it fits into our requirements of a diséa
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6 The mismatch distance

Themismatch distance mismatchcounts the number of mismatches that hap-
pen when comparing two strings letter by letter. So:

mismatclia,b) =0
mismatclia,c) = 1
mismatclia, c) = 1.
mismatclia,d) =5
mismatclic,d) = 4

7 Challenge. Test mismatch to see if it fits into our requirements of a dista
8 The first mismatch distance

To measure the difference between two strings alonditbemismatch dis-
tance we compare them letter by letter. If all letters are the sammedeclare the
strings to be equal and define th&mstMismatchdistance, as zero. If it happens
that we find a mismatch, ldt the site where it happens. The distance in this case
is defined as A(1+ f). We used the default convention of beginning counting
with 1 (in Java, counting begins with 0). So, farandc, firstMismatch{a,c) =
1/8 because the first mismatch happens at place number 7. Orhirehand,
firstMismatchic,d) = 1/9.

9 Challenge. Test firstMismatch to see if it fits into our requirements of a
distance.

10 The best alignments

Let us consider the sequencEETATATGGG@NAATAT.
The head to head alignment between these two strings is ke ne

TTTATATGGG
ATAT

The mismatch distance is 3. The next alignment renders a ahi$naistance
equal to 2

TTTATATGGG
ATAT

These two string perfectly match one another if they arenaligas follows:
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TTTATATGGG
ATAT

Thus, we define théest alignmentas an alignment that for the mismatch
distance and for a given pair of strings produces the mingiisthnce when it is
restricted to the shorter substring (so, we add no blanks).

11 Challenge. Give examples that show that the best alignment is not unique
12 The loop distance

Let us consider the next two stringFATTCGTATTANdATATTATTAIf we
align them as follows

ATATTCGTATTA
ATAT  TATTA

we see that they perfectly match one another. We want to didenoop dis-
tance between these two strings as zero. Soldhye distanceis based on the
mismatch distance but includes the best alignment givenhstigs can be di-
vided in various substrings. Now, the name of this distasadue to the fact that
one can imagine that the unmatched subsequences form lobpsadies to enable
the asked alignment in a three dimensional space. For a malistic fitting of the
physics of DNA molecules, we might include other two consept

13 Complementing procedure

One might be interested not in comparing two sequences kedrirparing a
given sequence with the complement of the other. Gdmaplementing procedure
interchanged\ with T andCwith G. The complement db is denotedC(b) . Thus,
for a= TTTATATGGGndb= ATAT, we findc(b) = TATA and then use a
distance to measure the distance betwaemdc(b) . For the case of the best
alignment distance, we get a distance equal to zero:

a = TTTATATGGG
c(b) = TATA

14 Challenge. Let us propose the distance cmplifagb) = mismatciia, c(b)).
Test over it our requirements of a distance. If not, made aaraiment to concoct
a correct definition and change the name distance by one npmmpriate.
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15 Reversing procedure

Real DNA molecules are oriented as rivers and a downstreseutdin is dif-
ferent that the up stream one. When two real DNA moleculesimaie another
they do so in contrary directions. This motivates our nefintteon. Therevers-
ing procedure rewrites a sequence in reverse order. The reverbdflenoted as
r(b) . Thus, forb= ATCG we findr(b) = GCTA . We also can take the com-
plement ofr(b) to getcr(b) = CGAT . Now, we can use a distance to measure
the distance betweaa= TTTATATGGG@nd andccr(b) . For the case of the best
alignment, we get

a = TTTATATGGG
cr(b) = CGAT

which renders a distance of 2.

16 Challenge. Let us propose the distance feyb) = mismatclia,cr(b)). Test
it to see if it fits into our requirements of a distance. If mogde an amendment to
concoct a correct definition and change the name distancenbynwore appropri-
ate.

17 Comments

e The listed forms of measuring differences among DNA segeentight be
inspired by mathematical curiosity or by biophysical ifdigFor instance,
the first mismatch distance is mathematical in origin anggpkn important
role in the theory of languages. Butif one involves completimg, reversing
and loop distances, one is thinking of real DNA molecules #wng in a
liquid milieu and try to bind one with another following theraplementarity
dictated by the H-bondsA and T form one binding pair whil€&C andGform
the other.

e The mismatch distance of best alignments might correlatie the binding
energy of the given molecules because that energy depepdsdiple from
the number of complemented base pairs. The binding energgumnes the
strength of the bonds among molecules.

e Our mathematical definitions are targeted to nude DNA thatdeen sepa-
rated from a cell. But nude DNA has nothing to do with biologyde DNA
lacks genes and regulatory sequences that are the eleyneatarepts that
connect molecular biology with life.
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¢ If nude DNA has nothing to do with life, why are we interestadstudying
DNA distances? The reason is that DNA is the carrier of theasog that
instructs extant life to produce and unfold more life. Thus,predict that
if there is a systematic difference among members of diftespecies, that
difference must be reflected in the code that they rely upahadso in the
nude DNA that serves as carrier of genetic information.

e To conclude, our primary interest resides in the specieswenase molecular
distances as tools, whose power and fairrm@saot given a priori but must
be investigated

18 Exercise. Figure out how to use distances to implement an orthographbre
rector.

1.2 Immunological distances

Nature has a natural system to distinguish self from nohasel so it defines a
discrete distance: the distance between self and self éstugrbetween self and
non self is one. We have in mind the immune system so, let uswehat part of
it that is important for us.

19 The immune system

The body routinely launches attacks against invading rhespinfected cells,
and tumors while ignoring healthy tissues. Were not for thigk, one would
rapidly die. How is that achieved? The central point is taidgglish self from non
self, a task that is fulfilled by thenmune system

The fundamental biological directive is that non-self igrhful for the self
and so non-self must be prosecuted and destroyed. Why thisissby no means
obvious. To say the least, horizontal transfer in the miolvorld and sexual
recombination are facts that speak in favor of the thesis dekaomes might be
happily complemented. Additionally, we have in our inteatitrack some bacteria
that help in the synthesis of useful compounds. All thesdiatidss and many more
facts make of the immune system one of the most complex abgcBiology.
Actually, its complexity seems no lower than that of the sysbf security of any
developed country.

The accepted explanation of how the immune systems dissingsi self from
non-self is given by the clonal deletion theory that progosdearning procedure
(NIH, 2013):
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1. The original setting of the immune system of the embrybas everything,
self and non-self, must be destroyed.

2. Immune cells give rise to clones over the life of the orgamiEach immune
cell has a target chosen at random but the population of ineroelts is large
enough that targeting is almost exhaustive. If a clone isseg to something
early in its life, the representative cells activate anrimab self-destructive
pathway, and the immune cell dies. If an immune cell matutesnd its
clone will get ready to attack its target if it only appears.

3. So, self is what kills young immune clones and non self iatvdomes next
after their maturation.

4. This system works if the embryo is protected by the immuwystesn of the
mother from the attacks of every invader.

This theory immediately explains rheumatism as an autotimarillness: the
inner tissues of bones are not exposed to the immune systdyniredife, when
the immune system is in its process of learning. But whenitatiée a lesion to
the bone happens, preferentially at the joins by the accatioul of residues, some
proteins that never have been seen by the immune system trakeppearance
and thus they are taken as alien and so the tissues thatrctimean are prosecuted
to disintegration.

The foreign molecular entities that trigger the operatibthe immune system
are preferentially proteins, which are encoded by DNA. Mindess, the immune
system does not deal with entire proteins or enzymes butsmithll portions of it.
Let us see one aspect of how this happens:

An antigen is a molecule that awakes an immune answer. Abaiis a
molecule synthesized by the immune system to mark a foreiglagule, an anti-
gen. Now, the unique function of an antibody is its high-affibinding to alimited
region of an antigen. This binding involves hydrophobic forcesiddorces, and
van de Waals forces but no covalent bonds are involved (Dathal, 1986). The
site of an antigen at which an antibody binds is called a détemt. Observe that
we have no reason to believe that a determinant corresponaiset uncut DNA
substring. Most surely, they correspond to various suimgrihat end near one to
another in space after the antigenic protein folds as a tobbject. Nevertheless,
every kind of proteins are continuously recycled and ondeffirst steps is to cut
protein to pieces up to 6 or 7 amino acids long. These smakesrare precisely
the objects that are revised by the scanning cells of the inensystem.

We have now a simple theory:
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Immunological recognizing theory reading of small DNA or protein seg-
ments suffices to discriminate self from non-self.

This theory is simple enough to be tested with Java immdgialéne theory
is very interesting because it functions in one and only .cab&leterminants that
result from folding in space of separated portions of thenpriy structure also
come accompanied with determinants that correspond withexied substrings
and that will appear in the small strokes of the digestedgimdhat are scanned by
the immune system.

20 Testing the theory with human languages

Ourimmunological recognizing theoig about proteins and DNA but these as
such have no magic at all. With this we mean that every praeDNA string is a
text and that a theory that explains how the immune systeanidiimates self from
non-self by reading protein or DNA fragments must also béuli$e discriminate
self from non-self in other cases related with texts, no enathatever nature they
might possess. So, the theory must also function if we usienriexts of human
languages as testbed for our theory. Once we get convincigsl airrectness, we
will pursue an application to the study of DNA and evolution.

To begin with, our insight seems quite reasonable since sditae initial train-
ing, one can discriminate at once if a text is written in Eslglor in German. How
is that possible? Because one looks for substrings witltc@ymombinations of
letters. Say, the substrirfgeu does not happen in English, it belongs in German.
Thus, we immediately know that the wairdudis German.

21 English vs. German

Let us devise a program in Java that discriminates whetheoba text is
written in English. We use texts in English and in German.

To run this and other programs in Java, you need to instali dad Eclipse
and to learn how to install a downloaded project. To see hasvistdone, please,
refer to volume V of this series, chapter I, numerals 1.2He§inning with pag.
21. You have the license of using and misusing all of our medtevery specially,
you are encouraged to use latex sources to tailor at plegsureown pedagogic
material. If you want to enjoy the exercises, you need to voartkthe first volume
completely.
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The purpose of the program we want to develop is to discritainghether
a given text is written or not in English. We mimic the functiof the immune
system that works over substrings n-symbols long. Offigidiese substring are
calledn-grams. The program learns what English is by examining the n-grams
of an input text that is, of course, in English. This trainisgised next to decide
whether or not a new text is in English.

Specifically, the program contains a procedure with foyrste

1. Recording of self: Up to some n, all possible n-grams aregged and
recorded in the boolean vector SelfEng. This is done tyckibe generate
a boolean vector SelfEng and at the beginning, every entBeliEng is set
to TRUE. And this is all to it. The idea behind this is that eacgram is
given an index, a number that identifies it in the boolean areBelfEng.
So, recording of Self is done as follows: the index of eaclrargof the
trainingText is calculated and the corresponding entryetfEg is set to
false. This mimics the training stage of the immune system.

2. Test over an English text: Because of the finiteness oftliming text, even
another text in English might generate alien n-grams. Secarsl text in
English is tested against the former one. This defines aratibin stage: the
proportion of alien n-grams is reported.

3. Test over a German text: A third text, in German, is analyits n-grams
are compared against those in the list that defines the sk#. pfoportion
of alien n-grams is calculated. When texts are long, thipgmion approxi-
mately doubles that of the second text in English.

4. Formulation of the discriminating criterion: a clasgify threshold is defined
as the arithmetic average of the two former proportionshéfgroportion of
alien n-grams of a new text is less than that of the threshbiltext is in
English, otherwise it is in another language.

22 Te code for our English vs. German classifier is the followinén the case
of memory problems somewhere along our simulations, onenzke suitable ad-
justments: to shorten the dimensions of arrays, to resalighabets to, say, lower
cases letters, to use the hard disk instead of RAM. How toheseisk is explained
in Vol 1 chapter 11, program A158.

/ = Program 122 English
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The purpose of this program is to discriminate
whether or not a given text is written in English.
We mimic the function of the immune system,
whose work is based in n-grams, that are

string n-symbols long.

The program has four steps:

1. Definition of self:

Up to some n, all possible n-grams are generated
and recorded in the boolean vector

SelfEng. This is done trickily: we generate a
boolean vector SelfEng and at the beginning,

every entry of SelfEng is set to TRUE.

And this is all to it.

The idea behind this is that each n-gram

is given an index, a number that

identifies it in the boolean vector SelfEng.

So, recording of Self is done as follows:

the index of each n-gram of the trainingText is
calculated and the corresponding entry in SelfEng is
set to false.

This mimics the training stage of the immune system.

2.Test over an English text: Because of the finiteness
of the learning text,

even another text in English might generate alien
n-grams. So, a second text in English is tested against
the former one. This defines a calibration stage:

the proportion of alien n-grams is reported.

3. Test over a German text:

A third text, in German, is analyzed:

its n-grams are compared against those in the list
that defines the self. The proportion of

alien n-grams is calculated. When text are long,
this proportion

approximately doubles
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that of the second text in English.

4.Formulation of the discriminating criterion:

a classifying threshold is defined as the arithmetic
average of the two former proportions. If the proportion
of alien n-grams of a new text is less than

that of the threshold, the text is in English, otherwise
it is in another language.

*/

public class English

{

//[Number of letters in the n-grams

private static int n;

//[Number of n-grams

private static int N;

//[DataBase: if n>3, the dimension must be increased

private static Boolean SelfEnglish[] = new Boolean[450000 1;

/[Training text. A StringBuffer is a heavy-duty String.

private static StringBuffer trainingText ;

/[Test text

private static StringBuffer testerEng, testerGer;

/[English + German chars (not all)

private static String Alphabet;

private static int lengthAlf;

private static int nTrainingSample, nTesterEngSample,
nTesterGerSample;

/IDiverse proportions

private static double propSelf, propTest;

//Option to print more information

private static Boolean printAll;

/[Training text is read

private static void readTrainingText()

{

trainingText = new StringBuffer("Common words such as " +
"determiners, conjunctions and prepositions seem good " +
"clues for guessing a language (Johnson 1993). From " +
"a corpus of documents in a certain language, the " +
"most frequent words are determined and placed in a " +
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"model for this language. Each word has a significance " +
"score based on the frequency of that particular word " +
"In the corpus. By dividing this frequency by the total " +
"frequency of all words, we give each word a probability, " +
"and we can see the language model as a probability " +
"distribution. Table 1 shows the most frequent common " +
"words for 10 European languages, as obtained in " +
"experiments described by Grefenstette (1995).The " +
"disadvantage of this technique is that, though common " +
"words occur enough in larger texts, they might not " +
"occur in a shorter input text.");

}

//A second text in English is read

private static void readCalText()

{

testerEng = new StringBuffer("Rank order statistics: " +
"This technique, as described by Cavnar and Trenkle " +
"(1994), determines how far out of place an N-gram is" +
" in the language models from its place in a document " +
"model. Since this technique operates on the relative " +
"indices of features (words or N-grams), these need " +
"to be sorted in order of frequency. How this technique " +
"is applied to N-gram features is shown in figure 2. For " +
"each N-gram in a document model, its counterpart in a " +
"language model is located, and then calculated how far " +

"out of place it is. If an N-gram is not in the language" +

"model, it takes a maximum out-of-place value, which is " +

"equal to the amount of N-grams in the model. The sum of" +

" all of the out-of-place values for all N-grams is the " +

"distance measure for the document from the language. " +

"The language model with the smallest distance from the " +

"document represents the language of the document.”);

}

/[Test text in German is read
private static void readTestingText()

{

testerGer = new StringBuffer("Sprachidentifizierung f
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"Handys. Die Entwickler des japanischen Mobilfunkkonzern
"KDDI haben ein System vorgestellt, mit dem sich der Nutzer "
uber seinem Handy identifizieren
"kann. Die Funktion soll als Alternative zum Passwort " +

"per Stimmanalyse gegen

"f Ur Bankgesch afte oder andere Dienste zum Einsatz

"kommen, teilte das Unternehmen heute in Tokio mit. Der
"Prototyp nahm das Stimmmuster auf und schickte dieses

+

"digitalisiert an einen Server, wo die Analyse vorgenommen

"wird. Anhand fr

"Sekunden in Anspruch.");

//SelfEng contains all possible n-grams.
private static void initializeSelf(long N)

{
for(int i = 0; i< N; i++)
SelfEnglish[i] = true;
}

/IReturns the index

of the n-gram ngram.

+

/[An n-gram is a string with n chars taken from Alphabet.
/[Take ngram as a number in base = length of the Alphabet.

/IThe index is that number in base 10.
private static int index(int n, String ngram)
{
char cl1 ="' ;
int p = 0;
int ind = O;
boolean correct = true;
for(int i = 0; (i <n) & correct; i++)
{
cl = ngram.charAt(i);
p = Alphabet.indexOf(cl);

if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else
{

ind = -1;

Uherer Spracheingaben wird die Identit
"festgestellt, hie3 es. Der Prozess nimmt etwa zehn

13

+
+

+
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correct = false;

}
}
if (printAll)
System.out.printin( "ngram = " + ngram +

index =
+ ind);
return ind;

}

/IReturns the n-gram corresponding to index ind
/[This is the inverse operation of index()
private static String indexInverse(int n, int ind)
{
char c1 ="' 7
int p = 0;
String ngram = "
int k = 0;
int indl = ind;
//System.out.printin("n = " + n);
for(int i = n-1; i > -1; i--)
{
/ISystem.out.printin(" xx  \nlndex = " + indl);
k = ( int ) (Math.pow(lengthAlf, i));
/ISystem.out.printin("k = " + k);
if( k <= indl)
{
p = indl / k;
/ISystem.out.printin("p = " + p);
cl = Alphabet.charAt(p);

indl = indl - p *K;

}

else cl1 = Alphabet.charAt(0);
/ISystem.out.printin("cl = " + cl);
ngram = ngram+cl ;

}
| *
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if (printAll)
System.out.printin( "ngram = " + ngram +

" index =" + ind); * [
return ngram;

}

/[The boolean vector SelfEnglish records the identity
/lof the training text. At the beginning,
llevery entry of SelfEnglish is set to TRUE.
/[[Each n-gram is given an index, a number that
/lidentifies it in the boolean vector SelfEnglish.
/[The index of each n-gram of the trainingText is
/[calculated and the corresponding entry in SelfEmglish is
/l[set to false.
/[The variable nTrainingSample decides
/lhow many chars of trainingText are taken.
private static void DefinitionOfSelf(int n,
int nTrainingSample,
StringBuffer trainingText)

initializeSelf(N);
int 11 = trainingText.length();
int m = Math.min(l1, nTrainingSample);

int start = O;
int ind = O;
for(int c=0; ¢ < m-n+1; c++)
{
String ngram = trainingText.substring(start,

start+n);
ind = index(n,ngram);
SelfEnglish[ind] = false;
start = start +1,

}
}

/[The n-grams of testText are compared against
/lthose of the trainingText, which were kept at

15
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/[SelfEnglish. The proportion of non-self n-grams
/lis reported.
private static double runTest(StringBuffer testText,

int nSample)

{

if (printAll)

System.out.printin( "Alien n-grams");

int counter = O;

int 11 = testText.length();

int m = Math.min(l1, nSample);

int start = O;

int ind = 0;

for(int c=0; ¢ < m-n+l; c++)

{

String ngram = testText.substring(start,

start+n);

ind = index(n,ngram);
if ( SelfEnglish[ind] == true)
{
counter++ ;
if (printAll)
{
System.out.print(" alien");
}

}
if (printAll) System.out.printin();

start = start +1;

}

double prop = counter;
prop = prop / (m-n+1);
return prop;

}

/[The training text is studied

private static void learning()
{

/llength of the Alphabet

lengthAlf = Alphabet.length();

System.out.printin( "Lenght of the alphabet = " +

METRICS
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lengthAlf);

System.out.printin("\nDEFINITION OF SELFENGLISH");
/ILength of Self
N = (int) Math.pow(lengthAlf, n); ;
System.out.printin( "Number of n-grams in vector SelfEng =
readTrainingText();
int h = trainingText.length();
System.out.printin( "Lenght of trainingText = " + h);
System.out.printin( "Max numb of chars taken from" +

" trainngText = " + nTrainingSample);
DefinitionOfSelf(n,nTrainingSample, trainingText );

}

/A second text in English is studied

private static void calibration()

{

System.out.printin("\nTEST OVER AN ENGLISH TEXT");

readCalText();

int | = testerEng.length();

System.out.printin( "Lenght of testerEng = " + I);

System.out.printin( "Max numb of chars taken from" +
" testerEng = " + nTesterEngSample);

propSelf = runTest(testerEng, nTesterEngSample);

System.out.printin("Proportion of alien n-grams in " +

"testerEng = " + propSelf);

}
/IA third text in German is classified
private static void testing()
{
System.out.printin(\nTEST OVER A GERMAN TEXT");
readTestingText();
int m = testerGer.length();
System.out.printin( "Lenght of testerGer = " + m);
System.out.printin("Max numb of chars taken from" +

" testerGer = " +nTesterGerSample);

propTest = runTest(testerGer, nTesterGerSample);
System.out.printin("Proportion of alien n-grams in " +
"testerGer = " + propTest);

17

“ 4+ N):
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/A condition for discriminating languages is proposed
private static void conclusion()
{
double threshold = (propSelf + propTest)/2;
System.out.printin( "\nDISCRIMINATING RULE: ");
System.out.print( "A text is written in English" +
" if the proportion of alien " +
n + "-grams \nis less than "+ threshold + ". " +
"Otherwise it is in German.");

/[Test for correctness:

/[The index of a string with a numeric alphabet
/lis actually a number. Its index

//must be that number in base ten.

private static void corretnessTest()

{

Alphabet = "ab";
/[Alphabet = "0123";
//Alphabet = "0123456789";

lengthAlf = Alphabet.length();
//Length of n-grams
n=3;
int limit = (int) Math.pow(lengthAlf, n );
for(int i= 0O; i < limit; i++)
{
//String corresponding to index i
String s = indexInverse(n,i);
/lindex corresponding to string s
int ind = index(n,s);
System.out.printin( "String in base " + lengthAlf +" ="
+ s + " Index = Number in base 10 = " + ind);
}
}

//Main method
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public static void main(String[] args)
{
Alphabet = "A  ABCDEFGHIJKLMNOPQRSTUVWXYZ" +
"a abcdefghijkimno  opqrstu  Uvwxyzf3: ,.-()0123456789";
[ITo print all, change to true
printAll = false;
/IA test for correctness is done.
Boolean Test = false;
if (Test) corretnessTest();

else
{
/lletters per n-gram
n=3;
System.out.printin( "Letters per n-gram = " + n);
//[How many chars of trainingText must be taken
nTrainingSample = 800;
//[How many chars of testerEng must be taken
nTesterEngSample = 800;
//[How many chars of testerGer must be taken
nTesterGerSample = 10;
learning();
calibration();
testing();
conclusion();
}
}
}

23 Exercise. Play with the code and try to understand it. Notice the form as
we try to mimic the immune system. In first place, we do notrgena list of
random n-grams, instead, we generate all possible n-gratest we use an input
English text that is used as teaching material. In general|l written texts are
not very redundant and so every piece of text has valuabdenrgtion and that is
why its n-grams are approximately random, i.e. from a givellist, one cannot
predict what will be the next item. In second place, the mggaf the input text
are not recorded anyhow except with a flag in the correspandidex of the vector
SelfEng.

The next remarks are for those that want to understand tlegaidn procedure
that is used in the previous program.
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24 Indexation of strings

The purpose of the previous program was to discriminate lanedr not a text
is in English. The idea was to mimic the immune system thadistun-grams,
small strokes of texts. A natural approach would be to makisteof random
n-grams and erase -if that is possible- those that belongendgaching text, the
original one. Nevertheless, we generate all possible mgnap to certain n and
then we erase the n-grams of the teaching text. Were theibggaiext sufficiently
long (a library with various millions chars), a new text able decided to be notin
English if at least one alien n-gram is found. Nevertheless,can use as teaching
text a document 200 words long if we divide it in two teachiegts. The first is
the original training text properly and the second is to dantipe fraction of alien
n-grams that another text in English has with respect tortiaihg one. A text
in another language has a fraction of alien n-grams thatpsard to be greater
than that of the second teaching text. So, we define a thigeginoportion as the
average of the two proportions of alien n-grams, the firsh@dontrasting English
text and the second in the text in the foreign language.

One can propose the next discriminating rule: an input &xiot in English
if the fraction of alien n-grams in the test text is greateartihe threshold propor-
tion. Otherwise it is in English. This is theologramic techniquefor language
discrimination. The name is due to the resemblance of ouwrgolare with that to
make holograms with laser beams, a beam is divided in twa e first hits the
target and reflected light interferes with the second paet avransducer.

Our program generates no list of n-grams. And more to thetpthiare is no
explicit comparison among n-grams. So, what is done in there

The key point is that one can replace a n-gram with a numbbkeitorrespon-
dence is fair: one number for one n-gram and one n-gram fonanger. To fix
ideas, let us consider the alphabet formed only with two misay “ab”. Then,
a list with all possible 3-grams is:

aaa
aab
aba
abb
baa
bab
bba
bbb

Let us do now the next trick: replageby 0 andb by 1. We get the next list:
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000
001
010
011
100
101
110
111

This is a list of the first 8 numbers in base 2. So, we can tresmhem to base
10:

000 ->
001 ->
010 ->
011 ->
100 ->
101 ->
110 ->
111 >

~No o~ wWwDNEFEO

The whole picture now emerges: we got a way to replace in ddain every
n-gram by a number:

aaa -> 0
aab ->
aba ->
abb ->
baa ->
bab ->
bba ->
bbb ->

NOoO ok~ WN B

This correspondence in its general form is an indexatiogquore. But, what
is its most general form? It corresponds to any desired bkthahen its chars are
interpreted as numbers in the natural order: the first chaerg, the second is a
symbol for 1, the third for 2 and so on. So, an alphabet is a migragstem in base
equal the number of chars that it contains.

In short: look at the alphabet as at a numeric system and aing sts at a
number. That is all to it. The associated number to a n-graimeimdex which is
calculated in our program by the functiomdex() . The inverse function, which
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assigns a n-gram to a number is implemented by the funoiaexinverse()
Actually, these functions have two arguments. The firstésrthmber of chars per
n-gram, so it is n. The second is the string or number thatrgmte input to be
translated.

We can now understand the program:

An initial Boolean vectoSelfEnglish[] with dimension equal to the num-
ber of possible n-grams is allotted in memory. At the begignall its entries are
set to true. Next, in the process of learning, the index oheagram of the input
text is calculated and the corresponding entry in Selfishfjlis set to false, just as
the immune systems does it. When a new text is given for sigigach n-gram is
indexed and the corresponding entry in SelfEnglish[] isc&led out: if it is false,
the n-gram is self otherwise it is alien. Proportions ofraliegrams are calculated
and compared, as it was previously explained.

25 Exercise. In the previous program turn the Boolean option to make a test
(approximately in line 372hool ean Test = true)and run various tests by
changing the alphabet. By using numerical alphabets fdedifit bases, one can
test that thel ndex() andi ndexl nver se() functions are correctly imple-
mented.

Why do we need tests? The reason is that no ones has enouljjgente to
preview the output of an arbitrary code, so one must actuallyit to see what
it encodes for. In more operational words: in general, theaplst way to fairly
know what a program encodes for is to run it and see what itymesl

In practice, even the most simple tasks demand many tridtgeba correct
code can be composed.

26 Exercise. Run some elementary tests to check intuitive expectationisea
next ones. Try to explain why they fail or why they are verified

a) If the length of the English training text is augmentea pinoportion of false
positives (English n-grams that are classified as aliensgpced by a second
text in English diminishes.

b) If the length of the second English text is augmented, ibygoption of its false
positives augments.

c) If the length of the German text is augmented, the proportf aliens aug-
ments.
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d) Saturation is expected: after an initial period of leargj no surprises are
expected.

The behavior of the program when its parameters are varmus@teresting
enough to awake a better comprehension that would allowngglesout the more
efficient discriminating rule -if only that makes sense.

27 Code to study the dependency of outputs on input parameters.

/ = Program 127 EnglishGraphics

The purpose of this program is to discriminate
whether a given text is written or not in English.
We mimic the function of the immune system,
whose work is based in n-grams, that are

string n-symbols long.

Output is graphical.

The program has four steps:

1. Definition of self:

Up to some n, all possible n-grams are generated
and recorded in the boolean vector

SelfEng. This is done trickily: we generate a
boolean vector SelfEng and at the beginning,

every entry of SelfEng is set to TRUE.

And this is all to it.

The idea behind this is that each n-gram

is given an index, a number that

identifies it in the boolean vector SelfEng.

So, recording of Self is done as follows:

the index of each n-gram of the trainingText is
calculated and the corresponding entry in SelfEng is
set to false.

This mimics the training stage of the immune system.

2.Test over an English text: Because of the finiteness
of the learning text,
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even another text in English might generate alien
n-grams. So, a second text in English is tested against
the former one. This defines a calibration stage:

the proportion of alien n-grams is reported.

3. Test over a German text:

A third text, in German, is analyzed:

its n-grams are compared against those in the list
that defines the self. The proportion of

alien n-grams is calculated. When text are long,
this proportion

approximately doubles

that of the second text in English.

4.Formulation of the discriminating criterion:

a classifying threshold is defined as the arithmetic
average of the two former proportions. If the proportion
of alien n-grams of a new text is less than

that of the threshold, the text is in English, otherwise
it is in another language.

Various graphics are displayed for diverse values

of the number of chars taken from the training text.
Each graphic represents

the proportion of alien n-grams that one finds in
a testing text as a function

of the length in chars of that testing text.

Two testing texts are contrasted: one in English
the other in German.

*/

import java.awt.BorderLayout;
import java.awt.Color;

import java.awt.Graphics;
import javax.swing.JFrame;
import javax.swing.JLabel,
import javax.swing.JPanel;

METRICS
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public class EnglishGraphics extends JFrame

{

private static final long serialVersionUID = 1L;

/[The application is instantiated
static EnglishGraphics p = new EnglishGraphics();

/[The painting class is declared and instantiated
private static Canvas ¢ = p.new Canvas();

//[Number of letters in the n-grams

private static int n;

//Number of n-grams

private static int N;

//[DataBase: if n=4, the dimension must be increased
private static Boolean SelfEnglish[] = new Boolean[450000
/[Training text. A StringBuffer is a heavyduty String.
private static StringBuffer trainingText ;

/[Test texts

private static StringBuffer testerEng, testerGer;
/[English + German chars (not all)

private static String Alphabet =

"A ABCDEFGHIJKLMNOPQRSTUVWXYZ" +

"a abcdefghijkimno  opqgrstu  Uvwxyzf3: ,.-()0123456789";

private static int lengthAlf;

private static int nTrainingText, nTesterEngText,
nTesterGerText, nTrainingSample,
nTesterEngSample, nTesterGerSample;

private static double propSelf, propTest;

private static Boolean printAll;

private static int amplificationY;

private static double scale;

private static int graphNumber;

private static int Points[][] = new int[100][3];

25
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private static int xmax, ymax;

private static int deltaX, deltaY, nPoints;

private static int deltaLearningText, deltaTestingText;
private static boolean undone = true;

//Main method

public static void main( String args[] )
{

System.out.printin("Please, wait for a while");
/lletters per n-gram

/I if n>3, the size of SelfEnglish][] must be increased
n=4;

/IThe size of learning text is incremented by this
deltaLearningText = 30;

/IThe size of testing text is incremented by this
deltaTestingText = 50;

/IGraphical scale = 1 for normal size.

scale = 0.15;

/[To print all, change to true

printAll = false;

/Nlength of the Alphabet

lengthAlf = Alphabet.length();

System.out.printin( "\nLetters per n-gram = " + n );
System.out.printin( "Lenght of the alphabet = " +
lengthAlf);

/[Length of Self

N = (int) Math.pow(lengthAlf, n); ;

System.out.printin( "Number of n-grams in vector " +

"SelfEng = " + N);

/[The coordinates of points for graphics are set to zero.

initialize();

readTexts();

/[The JFrame is constructed with a title

JFrame f = new JFrame( "Language identifier" );

/Ispecifications of JFrame f

/[Control is passed to the painting class ¢ (Canvas)

f.add( c, BorderLayout.CENTER );

f.add( new JLabel("English (RED) vs. German (BLUE)"),
BorderLayout.SOUTH );
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f.setDefaultCloseOperation( JFrame.EXIT_ON_CLOSE );
f.setSize( 950, 250 );
f.setVisible( true );

}

//Reading training text in English

private static void readTrainingText()

{

trainingText = new StringBuffer("Common words such " +
"as determiners, conjunctions and prepositions" +
" seem good clues for guessing a language " +
"(Johnson 1993). From a corpus of documents" +
" in a certain language, the most frequent " +
"words are determined and placed in a model for " +
"this language. Each word has a significance " +
"score based on the frequency of that particular " +
"word in the corpus. By dividing this frequency" +
" by the total frequency of all words, we give " +
"each word a probability, and we can see the " +
"language model as a probability distribution. " +
"Table 1 shows the most frequent common words " +
"for 10 European languages, as obtained in " +
"experiments described by Grefenstette (1995). " +
"The disadvantage of this technique is that, " +
"though common words occur enough in larger " +
"texts, they might not occur in a shorter " +
"input text."™);

}

//Reading calibration text: a second text in English.
private static void readCalText()
{
testerEng = new StringBuffer("Rank order statistics: " +
"This technique, as described by Cavnar and " +
"Trenkle (1994), determines how far out of " +
"place an N-gram is in the language models " +
"from its place in a document model. Since " +
"this technique operates on the relative " +
"indices of features (words or N-grams), these " +

27
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"need to be sorted in order of frequency. " +

"How this technique is applied to N-gram features " +
"is shown in figure 2. For each N-gram in a " +
"document model, its counterpart in a language " +
"model is located, and then calculated how far " +
"out of place it is. If an N-gram is not in " +

"the language model, it takes a maximum " +
"out-of-place value, which is equal to the " +
"amount of N-grams in the model. The sum of" +

" all of the out-of-place values for all " +

"N-grams is the distance measure for the " +
"document from the language.The language model" +
" with the smallest distance from the document " +
"represents the language of the document.”);

}

//Reading test text in German

private static void readTestingText()

{
testerGer = new StringBuffer("Sprachidentifizierung " +
"f Uur Handys. Die Entwickler des japanischen " +
"Mobilfunkkonzerns KDDI haben ein System " +
"vorgestellt, mit dem sich der Nutzer " +
"per Stimmanalyse gegen  Uber seinem Handy " +
"identifizieren kann. Die Funktion soll als " +
"Alternative zum Passwort f ur Bankgesch afte" +
" oder andere Dienste zum Einsatz " +
"kommen, teilte das Unternehmen heute in Tokio" +
" mit. Der Prototyp nahm das Stimmmuster " +
"auf und schickte dieses digitalisiert an " +
"einen Server, wo die Analyse vorgenommen " +
"wird. Anhand fr uherer Spracheingaben wird " +
"die ldentit at festgestellt, hie es. Der " +
"Prozess nimmt etwa zehn Sekunden in Anspruch.”);

private static void readTexts()

{

readTrainingText();
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nTrainingText = trainingText.length();

if (undone )
System.out.printin( "Lenght of trainingText = " +

nTrainingText);

readCalText();

readTestingText();

nTesterEngText= testerEng.length();

if (undone )

System.out.printin( "Lenght of testerEng = " +
nTesterEngText);

nTesterGerText = testerGer.length();

if (undone )

System.out.printin( "Lenght of testerGer = " +
nTesterGerText);

/[IMandatory initialization
private static void initialize()
{

for(int i =
for(int j = O;

i < 100; i++)
<
Pointsl[i][j] = O;

0;
j < 2; j+4)

}

//SelfEng contains all possible n-grams.
private static void initializeSelf(long N)
{

for(int i = 0O; i< N; i++)

SelfEnglish[i] = true;
}

//Returns the index  of the n-gram ngram.

/[An n-gram is a string with n chars taken from Alphabet.
/[Take ngram as a number in base = length of the Alphabet.
/[The index is that number in base 10.

private static int index(int n, String ngram)

{

char cl1 ="' ’;

int p = 0;
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int ind = 0;

boolean correct = true;

for(int i = 0; (i <n) & correct; i++)
{

cl = ngram.charAt(i);
p = Alphabet.indexOf(cl);
if (p>=0)
ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else
{
ind = -1;
correct = false;
}
}
if (printAll)
System.out.printin( "ngram = " + ngram +

index =
+ ind);
return ind;

}

/[The boolean vector Self records the identity
/lof the training text.
//At the beginning, every entry of Self is set to TRUE.
/[[Each n-gram is given an index, a number that
/lidentifies it in the boolean vector Self.
/IThe index of each n-gram of the trainingText is
/[calculated and the corresponding entry in Self is
/l/set to false.
/[The variable nTrainingSample decides
/lhow many chars of trainingText are taken.
private static void DefinitionOfSelf(int n,
int nTrainingSample,
StringBuffer trainingText)

initializeSelf(N);

nTrainingText = trainingText.length();

int m = Math.min(nTrainingText, nTrainingSample);
int start = O;

int ind = 0;
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for(int c=0; ¢ < m-n+1; c++)
{
String ngram = trainingText.substring(start,
start+n);
ind = index(n,ngram);
SelfEnglish[ind] = false;
start = start +1,

}
}

I

/[The n-grams of testText are compared against

/lthose of the trainingText, whose structure was kept at
//SelfEnglish. The proportion of non-self n-grams

/lis reported. nSample chars are taken from testText.
private static double runTest(StringBuffer testText,

int nSample)

{

if (printAll)

System.out.printin( "Alien n-grams");

int counter = O;

int 11 = testText.length();

int m = Math.min(I1, nSample);

int start = 0O;

int ind = 0O;

for(int c=0; ¢ < m-n+l1; c++)

{

String ngram = testText.substring(start,

start+n);

ind = index(n,ngram);
if ( SelfEnglish[ind] == true)
{
counter++ ;
if (printAll)
{
System.out.print(" alien");
}

}
if (printAll)  System.out.printin();
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start = start +1;

}

double prop = counter;
prop = prop / (m-n+l);
return prop;

}

/[The training text is studied
private static void learning(int n,
int nTrainingSample,
StringBuffer trainingText)
{
if (undone )
System.out.printin( "\nNumb of chars taken from" +
" trainngText = " + nTrainingSample);
DefinitionOfSelf(n,nTrainingSample, trainingText );

}

/A second text in English is studied
private static double calibration(StringBuffer testText
int nSample)

{
propSelf = runTest(testText, nSample);

return propSelf;

}

/IA text in German is classified as self else not-self
private static double testing(StringBuffer testText,
int nSample)
{
propTest = runTest(testText, nSample);
return propTest;

}

I
private static void work()

{

learning(n,nTrainingSample, trainingText );

METRICS
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if (undone )

{

System.out.printin("LT = Length of testing text");

System.out.printin("PropEng = proportion of alien

System.out.printin("LT

n +

"n-grams in testerEng");
System.out.printin("PropGer = proportion of alien " +
"n-grams in testerGer");

\t PropEng \t

" \t Difference");

}
boolean go = true;
nPoints = 0O;

for(int h = 0; go; h++)
{

//[How many chars of testerEng must be taken
nTesterEngSample = deltaTestingText *h;
propSelf = calibration(testerEng,nTesterEngSample);
/[How many chars of testerGer must be taken
nTesterGerSample = deltaTestingText *N;
propTest = testing(testerGer, nTesterGerSample);
double difference = propTest - propSelf;

if (undone )

System.out.printin( nTesterEngSample + "\t"
+ propSelf+ "\t"+ propTest+ "\t" + difference);
Points[h][0] = nTesterEngSample ;

amplificationY = 100;
Points[h][1] =

(int) Math.round(propSelf
Points[h][2] =

» amplificationY);

(int) Math.round(propTest * amplificationY);
if ( (nTesterEngSample > testerEng.length()) ||
(nTesterGerSample > testerGer.length() ))

go = false;
nPoints = nPoints +1;

PropGer " +
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/[This is the painting class
public class Canvas extends JPanel

{

private static final long serialVersionUID = 1L;

/IConstructor
public Canvas()
{
/linitializes the frame;
repaint();
}

//[Data of a graphic is normalized to be placed
/lin a given rectangle
private void rescale( int[][] PointsD)

{

/Iscale factors are defined
double fx;

double fy;

xmax = Math.min(nTesterEngSample,nTesterGerSample);
ymax = amplificationY;

double rxmax = xmax;

double rymax = ymax;

fx = 150 =+ scale / rxmax;

fy = -170 = scale / rymax;

int tx = 0;

int ty = (int) (scale * 170);

/[Scaling formulae

//System.out.printin("Coordinates in the graphic");

for(int i = 1; i < nPoints; i++)

{

Points[i][0] = (int) (PointsD[i][0] * X +tx);
Points[i][1] = (int) (PointsD[i][1] *fy +ty);
Points[i][2] = (int) (PointsD[i][2] *fy +ty);

/ = System.out.printin( Points[i][0] + "\t"
+ Points[i][1]+ "\t"+ Points[i][2]); *
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/[The graphic is drawn
private void draw(Graphics g )

{

I/Axes

g.setColor(Color.BLACK);

g.drawLine(deltaX, 0, deltaX, (int) (170 * scale));
g.drawLine(deltaX, (int) (170 * scale),

deltaX + (int ) (150 *scale),
(int) (170  +scale));
g.setColor(Color.RED);
/[Prop of alien n-grams in English Text
for(int count = 1; count < nPoints-1; count++)
g.drawLine(Points[count][0]+deltaX,
Points[count][1]+deltaY,
Points[count+1][0]+deltaX,
Points[count+1][1]+deltaY);
g.setColor(Color.BLUE);
/[Prop of alien n-grams in German Text
for(int count = 1; count < nPoints-1; count++)
g.drawLine(Points[count][0]+deltaX,
Points[count][2]+deltaY,
Points[count+1][0]+deltaX,
Points[count+1][2]+deltaY);
//Graphic number
g.drawString(""+ graphNumber, 10 + deltaX,
(int) (scale * 186 + 10));
}

/[A footnote is drawn

private void footnote(Graphics g )

{

g.drawString("Length of Training text = " +
deltaLearningText + " * graphNumber",
10, 180 + 10);

g.drawString("Proportion of alien"+ n + "-grams as " +

" a function of the length of tested material. " +
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"Horizontal scale: from 0 to " + xmax, 10, 204);

//[Redraws graphics when either ¢ or repaint() is called
public void paintComponent( Graphics g )

{

deltaX = 0;
delta¥ = 0;
/lgo is the condition for halting the for-loop:
/lthe studied text must not be larger than
/lthe complete training text
boolean go = true;

for(int i = 1; go; i++)
{
if (undone )
System.out.printin( "\n Fdkokokok
+ " kkkkkkkk ");
//Number of graphic
graphNumber = i,

//Length of studied testing texts
nTrainingSample = deltaLearningText
//Computations

work();

//Adjusting to scale

rescale(Points);

/[Draw a graphic

draw(g);

/IShifts horizontally

deltaX = deltaX + (int) (scale

//If training test is coped with, halt
if (nTrainingSample > nTrainingText)

}

footnote(g);

}

undone = false;

Y/ end of class Canvas
}Ylend of main class

GRAPHIC NUMBER " +

* graphNumber;
* 200);
go = false;
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28 Exercise. Devise an experimental program to confirm elseutefthe next
generalizations that were made by the Author.

e For each size of the training text, the difference betweenptioportion of
alien n-grams in German and alien n-grams in the testemté&stglish tends
to stabilize when the size of testing texts grows. We defiaalibcriminating
power as the asymptotic value of this difference. It is a gngwunction of
both the length of the training text and that of testing texts

e The advised length of testing texts to discriminate betweaglish and non-
English could be:

1. One-grams: 150 chars. Discriminating power: 0.06. isiciating
threshold: 0.09.

2. Two-grams:150 chars. Discriminating power: 0.06. Dmarating
threshold: 0.49.

3. Three-grams:150 chars. Discriminating power: 0.11.cinsinating
threshold: 0.85.

4. Four-grams : 150 chars (lengthy work). Discriminatingvpa 0.1.
Discriminating threshold: 0.93.

5. The best option is 3-grams: the work is rapidly done andliberimi-
nating power is OK.

29 Challenge. Replace the texts in the previous program by others chosen by
you. Study the stability of our previous conclusions, baiterand yours.

30 Challenge. The previous program works finely for 1, 2, and 3-grams. As-
signed memory needs to be increased 100 times for 4-granesprégram breaks
down for 5-grams. Find a way to remedy this.

English uses a Latin alphabet and German an extension of\iftigt can we
do to study texts in languages with other alphabets?

31 Arbitrary alphabets. Java allows you to work with many diverse alphabets.
To see this, play with the next code that lists the symbatsvalll in Java.

/[Program E31 JavaSymbols
/[Displays the symbols in Java
public class JavaSymbols {
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public static void main(String[] args)

{
int inf = 00;
int sup = 1000;
for(int i= inf; i< sup; i++)
{
char ch = (char) (i );
System.out.printin( i + " " + ch);
}
}
}

32 Preparing for the study of texts of arbitrary size

We have been working with short texts but nevertheless wesgoburaging
results that corroborate our prediction: the strategy usethe immune system
is good to discriminate self from not-self in languages ofawever nature. Our
problem now is to face the challenge of converting our eragiag results into a
robust scientific generalization. To accomplish that aira,nged, as a minimum,
to confront our theory with texts of arbitrary size. Thishaillow us to take diverse
samples in order to verify else reject our theory.

To begin with, we need a source of long texts because we need liwoks,
two in English and the other in German. Choose books of yoedif@ction, else,
give a look at

http://www.authorama.com/
Cited 20/v/2013

There you must choose two books in English and the other im&er The
Divine comedy is in German (Dante Alighieri: Die Gaottlictkemodie). Copy
your books from your web browser to a word processor. Nexe #zem in format
txt and register the path to your files. In windows, a path looksething like:
C:/ImmuneDistances/EnglishBooks/book1.txt ,in Linux, a path looks
like /hnomel/jose/AJose/Ciencia/DarwinCompleteText.txt . In Linux,
the path can be found if in the file manager, one right clickshencorresponding
file to next choos@roperties

The books chosen by the Author with the paths to the correspgriiles in his
hard drive were:

1. Israel Abrahams: The Book of Delight (389KiB). Path:
"Thome/jose/jose/AAjoser/Ciencia/ImmuneDistancesBEdelight.txt”;
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2. Samuel Butler: Essays on Life, Art, and Science (360KHth:
"lhome/josel/jose/AAjoser/Ciencia/lmmuneDistancesi8alButler.txt”;

3. Dante Alighieri: Die Gottliche Komddie (623KiB). Path
"lhome/jose/jose/AAjoser/Ciencia/lmmuneDistances®Komoedie.txt”;

Two books are in English with the intention of studying if dechnique allows
to discriminate different authors in the same language.

33 Code for the study of texts of arbitrary size

The next code reads from the hard disk files containing campfieoks and
carries an n-gram analysis. To run the next program, you opgste in the corre-
sponding reading methods the path to the files with your hooks

/ = Program 133 LargeTexts

The purpose of this program is to discriminate

whether a given text is written or not in English.

The program accepts texts of arbitrary size,

such as a complete book.

The books must be copied by the User to the hard disk
and paths to corresponding files

must be updated in line 225.

We mimic the function of the immune system,
whose work is based in n-grams, that are
string n-symbols long.

Output is graphical.

The program has four steps:

1. Definition of self:

Up to some n, all possible n-grams are generated
and recorded in the boolean vector

SelfEng. This is done trickily: we generate a
boolean vector SelfEng and at the beginning,
every entry of SelfEng is set to TRUE.

And this is all to it.
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The idea behind this is that each n-gram

is given an index, a number that

identifies it in the boolean vector SelfEng.

So, recording of Self is done as follows:

the index of each n-gram of the trainingText is
calculated and the corresponding entry in SelfEng is
set to false.

This mimics the training stage of the immune system.

2.Test over an English text: Because of the finiteness
of the learning text,

even another text in English might generate alien
n-grams. So, a second text in English is tested against
the former one. This defines a calibration stage:

the proportion of alien n-grams is reported.

3. Test over a German text:

A third text, in German, is analyzed:

its n-grams are compared against those in the list
that defines the self. The proportion of

alien n-grams is calculated. When text are long,
this proportion

approximately doubles

that of the second text in English.

4.Formulation of the discriminating criterion:

a classifying threshold is defined as the arithmetic
average of the two former proportions. If the proportion
of alien n-grams of a new text is less than

that of the threshold, the text is in English, otherwise
it is in another language.

Various graphics are displayed for diverse values

of the number of chars taken from the training text.
Each graphic represents

the proportion of alien n-grams that one finds in
a testing text as a function

of the length in chars of that testing text.

Two testing texts are contrasted: one in English

METRICS
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the other in German.

*/

import java.awt.BorderLayout;

import java.awt.Color;

import java.awt.Graphics;

import java.io.File;

import java.io.FileNotFoundException;
import java.util.NoSuchElementException;

import javax.swing.JFrame;
import javax.swing.JLabel;
import javax.swing.JPanel,

import java.lang.lllegalStateException;
import java.util.Scanner;

public class LargeTexts extends JFrame

{

private static final long serialVersionUID = 1L;

/[The application is instantiated
static LargeTexts p = new LargeTexts();
/[The painting class is declared and instantiated
private static Canvas ¢ = p.new Canvas();
//[Number of letters in the n-grams
private static int n;
//Number of n-grams
private static int N;
/[DataBase: if n=4, assigned memory must
//lbe increased 100 times
private static Boolean SelfEnglish[] =
new Boolean[450000];
/[Training text. A StringBuffer is a heavy duty String.
private static StringBuffer trainingText ;
/[Test text
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private static StringBuffer testerEng, testerGer;

/[English + German chars, only the most informative

private static String Alphabet =
"A ABCDEFGHIJKLMNOPQRSTUVWXYZ" +

"a abcdefghijkimno  opqgrstu  uvwxyzR3";

private static int lengthAlf;

private static int nTrainingText, nTesterEngText,
nTesterGerText, nTrainingSample,
nTesterEngSample, nTesterGerSample;

private static double propSelf, propTest;

private static Boolean printAll, printTables;

private static int amplificationY;

private static double scale;

private static int graphNumber;

private static int Points[][] = new int[100][3];

private static int xmax, ymax;

private static int deltaX, deltaY, nPoints;

private static int deltaLearningText, deltaTestingText;

//Machine to read from the hard disk

private static Scanner input;

[ kxxdkrkkkrxk * MAI N **F*xFkxkkxH K xx %
public static void main( String args[] )
{

System.out.printin("Please, wait for a while");
/lletters per n-gram
n=3;
/IThe size of learning text is incremented by this
deltaLearningText = 20000;
/[The size of testing text is incremented by this
deltaTestingText = 20000;
/IGraphical scale = 1 for normal size.
scale = 0.15;
/[To print all, change to true
printAll = false;
/[To print numeric results, change to true
printTables = false;
/Nlength of the Alphabet
lengthAlf = Alphabet.length();
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System.out.printin( "\nLetters per n-gram = " + n );
System.out.printin( "Lenght of the alphabet = " +
lengthAlf);

/[Length of Self

N = (int) Math.pow(lengthAlf, n); ;

System.out.printin( "Number of n-grams in vector " +

"SelfEng = " + N);

/[The coordinates of points for graphics are set to zero.

initialize();

readTexts();

/[The JFrame is constructed with a title

JFrame f = new JFrame( "Language identifier" );

/[Control is passed to the painting class ¢ (Canvas)

f.add( c, BorderLayout.CENTER );

f.add( new JLabel("English (RED) vs. German (BLUE)"),
BorderLayout.SOUTH );

f.setDefaultCloseOperation( JFrame.EXIT_ON_CLOSE );

f.setSize( 1050, 250 );

f.setVisible( true );

/I File is opened
private static void openFile(String path)

{
/ftry and catch pair
try
{
input = new Scanner( new File( path ) );
}
catch ( FileNotFoundException fileNotFoundException )
{
System.err.printin( "File does not exists." );
System.exit( 1 );
}
}

/I File is read
public static StringBuffer readData()

{

43
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StringBuffer text = new StringBuffer(™);
/ftry and catch pairs
try
{
while (' input.hasNext() )
{
text = text.append(input.next());
/linsert a space among words
Itext = text.append(" ");

}
}
catch ( NoSuchElementException elementException )
{
System.err.printin( "File is corrupted." );
input.close();
System.exit( 1 );
}
catch ( lllegalStateException stateException )
{
System.err.printin( "Reading aborted." );
System.exit( 1 );
}

return text;

}

/I File is closed
private static void closeFile()
{
if ( input !'= null )
input.close(); //

}

private static StringBuffer getText(String path)
{
StringBuffer text = new StringBuffer(™);
openFile(path);
text = readData();
closeFile();
return text;

}

METRICS
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/[[====Make the changes through your own paths=====

/[Training text in English

private static void readTrainingText()

{

String path = "/home/jose/jose/AAjoser/Ciencia/" +
"ImmuneDistances/BookDelight.txt";

trainingText = getText(path);

String s = trainingText.substring(0, 100);
System.out.printIn(s);

}

/IReading calibration text: a second text in English.

private static void readCalText()

{

String path = “/home/jose/jose/AAjoser/Ciencia/" +
"ImmuneDistances/SamuelButler.txt";

testerEng = getText(path);

}

//Reading test text in German
private static void readTestingText()

{
String path = "/home/jose/jose/AAjoser/Ciencia/" +
"ImmuneDistances/DieGKomoedie.txt";
testerGer = getText(path);
}

/[Texts are read
private static void readTexts()

{

readTrainingText();
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nTrainingText = trainingText.length();
System.out.printin( "Lenght of trainingText = " +
nTrainingText);

readCalText();

readTestingText();

nTesterEngText= testerEng.length();

System.out.printin( "Lenght of testerEng = " +
nTesterEngText);

nTesterGerText = testerGer.length();

System.out.printin( "Lenght of testerGer = " +
nTesterGerText);

//Mandatory initialization
private static void initialize()
{

for(int i =
for(int j = O;

i < 100; i++)
<
Points[i][j] = O;

0;
j < 25 j+4)

}

/[SelfEng contains all possible n-grams.
private static void initializeSelf(long N)

{
for(int i = 0; i< N; i++)
SelfEnglish[i] = true;
}

//Returns the index  of the n-gram ngram.

/[An n-gram is a string with n chars taken from Alphabet.

CHAPTER 1.
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/[Take ngram as a number in base = length of the Alphabet.

[[The index is that number in base 10.
private static int index(int n, String ngram)
{

char c1 =" 7

int p = 0;

int ind = 0O;
boolean correct = true;

for(int i = 0; (i <n) & correct; i++)
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{
cl = ngram.charAt(i);
p = Alphabet.indexOf(cl);
if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else
{

ind = -1;

/[Detecting the presence of an alien symbol

correct = false;

}
}
if (printAll)
System.out.printin( "ngram = " + ngram +

index =
+ ind);
return ind;

}

/[The boolean vector Self records the identity
/lof the training text.
//At the beginning, every entry of Self is set to TRUE.
/[[Each n-gram is given an index, a number that
/lidentifies it in the boolean vector Self.
/[The index of each n-gram of the trainingText is
/[calculated and the corresponding entry in Self is
//set to false.
/[The variable nTrainingSample decides
/lhow many chars of trainingText are taken.
private static void DefinitionOfSelf(int n,
int nTrainingSample,
StringBuffer trainingText)

initializeSelf(N);

nTrainingText = trainingText.length();

int m = Math.min(nTrainingText, nTrainingSample);
int start = O;

int ind = 0O;

for(int c=0; ¢ < m-n+l1; c++)

{

47
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String ngram = trainingText.substring(start,
start+n);

ind = index(n,ngram);

/lif a given char of an n-gram is not in

/lthe alphabet, its index is negative:

/lyou must enlarge the alphabet else ignore it.

if (ind >= 0)

SelfEnglish[ind] = false;

start = start +1;

}
}

I

/[The n-grams of testText are compared against

/lthose of the trainingText, whose structure was kept at
//SelfEnglish. The proportion of non-self n-grams

/lis reported. nSample chars are taken from testText.
private static double runTest(StringBuffer testText,

int nSample)

{

if (printAll)

System.out.printin( "Alien n-grams");

int counter = O;

int 11 = testText.length();

int m = Math.min(I1, nSample);

int start = 0;

int ind = O;

for(int c=0; ¢ < m-n+l; c++)

{
String ngram = testText.substring(start,

start+n);

ind = index(n,ngram);
if (ind >0)
{

if ( SelfEnglish[ind] == true)
{

counter++ ;

if (printAll)

{

METRICS
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System.out.print(" alien");
}

}

}
if (printAll)  System.out.printin();

start = start +1;

}

double prop = counter;
prop = prop / (m-n+l);
return prop;

}

/[The training text is studied

private static void learning(int n,
int nTrainingSample,
StringBuffer trainingText)

System.out.printin( "\nNumb of chars taken from" +
" trainngText = " + nTrainingSample);
DefinitionOfSelf(n,nTrainingSample, trainingText );

}

/IA second text in English is studied
private static double calibration(StringBuffer testText
int nSample)

{
propSelf = runTest(testText, nSample);

return propSelf;

}

/IA text in German is classified as self else not-self
private static double testing(StringBuffer testText,
int nSample)
{
propTest = runTest(testText, nSample);
return propTest;

}
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//Main operational work
private static void work()

{

learning(n,nTrainingSample, trainingText );
if (printTables)

{

}

System.out.printin("LT = Length of testing text");

System.out.printin("PropEng = proportion of alien
"n-grams in testerEng");

System.out.printin("PropGer = proportion of alien

"n-grams in testerGer");
System.out.printin("LT \t PropEng \t PropGer");

boolean go = true;
nPoints = 0;
for(int h = 0; go; h++)

{

//[How many chars of testerEng must be taken
nTesterEngSample = deltaTestingText *h;

propSelf = calibration(testerEng,nTesterEngSample);

//[How many chars of testerGer must be taken
nTesterGerSample = deltaTestingText *h;

propTest = testing(testerGer, nTesterGerSample);

double difference = propTest - propSelf;
if (printTables)

System.out.printin( nTesterEngSample + "\t"
+ propSelf+ "\t"+ propTest+ "\t" + difference);
Points[h][0] = nTesterEngSample ;
amplificationY = 100;
Points[h][1] =
(int) Math.round(propSelf
Points[h][2] =
(int) Math.round(propTest +* amplificationY);
if ( (nTesterEngSample > testerEng.length()) ||
(nTesterGerSample > testerGer.length() ))
go = false;
nPoints = nPoints +1;

* amplificationY);

"

+

+

METRICS
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/[This is the painting class
public class Canvas extends JPanel

{

private static final long serialVersionUID = 1L;

/IConstructor

public Canvas()

{

/linitializes the frame;
repaint();

}

/[Data of a graphic is normalized to be placed
/lin a given rectangle
private void rescale( int[][] PointsD)

{

/Iscale factor are defined
double fx;

double fy;

xmax = Math.min(nTesterEngSample,nTesterGerSample);

ymax = amplificationY;

double rxmax = xmax;

double rymax = ymax;

fx = 150 = scale / rxmax;

fy = -170 =+ scale / rymax;

int tx = 0O;

int ty = (int) (scale * 170);

/[Scaling formulae

/ISystem.out.printin("Coordinates in the graphic");

for(int i = 1; i < nPoints; i++)

{

Points[i][0] = (int) (PointsDIi][0] *fX +tX);
Points[i][1] = (int) (PointsD[i][1] *fy +ty);
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Points[i][2] = (int) (PointsD[i][2] *fy +ty);
[ = System.out.printin( Points[i][0] + "\"
+ Points[i][1]+ "\t"+ Points[i][2]); * |

}

}

/[The graphic is drawn
private void draw(Graphics g )

{

I/Axes

g.setColor(Color.BLACK);

g.drawLine(deltaX, 0, deltaX, (int) (170 * scale));
g.drawLine(deltaX, (int) (170 * scale),

deltaX + (int ) (150 *scale),
(int) (170  scale));
g.setColor(Color.RED);
/[Prop of alien n-grams in English Text
for(int count = 1; count < nPoints-1; count++)
g.drawLine(Points[count][0]+deltaX,
Points[count][1]+deltaY,
Points[count+1][0]+deltaX,
Points[count+1][1]+deltaY);
g.setColor(Color.BLUE);
/[Prop of alien n-grams in German Text
for(int count = 1; count < nPoints-1; count++)
g.drawLine(Points[count][0]+deltaX,
Points[count][2]+deltaY,
Points[count+1][0]+deltaX,
Points[count+1][2]+deltaY);
/IGraphic number
g.drawString(""+ graphNumber, 10 + deltaX,
(int) (scale * 186 + 10));
}

/A footnote is drawn
private void footnote(Graphics g )

{
g.drawString("Length of Training text = " +
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n

deltaLearningText +
10, 180 + 10);

53

* graphNumber”,

g.drawString("Proportion of alien"+ n + "-grams as " +
" a function of the length of tested material. " +

"Vertical scale: from 0 to 1." +

"Horizontal scale: from 0 to " + xmax, 10, 204);

//Redraws graphics when either ¢ or repaint() is called
public void paintComponent( Graphics g )

{

deltaX = 0;

delta¥Y = O;

/lgo is the condition for halting the for-loop:

/lthe studied sub-text must not be larger than
/lthe complete training text
boolean go = true;

for(int i = 1; go; i++)

{
System.out.printin( "\n Fokkkkkkk
4 " kkkkrkAx ");
//Number of graphic
graphNumber = i;
/[Length of studied testing texts
nTrainingSample = deltaLearningText
/[Computations
work();
//Adjusting to scale
rescale(Points);
/[Draw a graphic
draw(g);
//Shifts horizontally
deltaX = deltaX + (int) (scale
/If training test is coped with, halt

GRAPHIC NUMBER " + i

* graphNumber;

+ 200);

if (nTrainingSample > nTrainingText) go = false;

}
footnote(q);

}
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Y/ end of class Canvas
Y/end of main class

34 Exercise.Run the program for 1, 2, 3 and 4-grams. Play with the codeyto tr
to understand how it functions.

35 Exercise. Make an experimental study to agree else disagree with tke ne
conclusion drawn by the Author: It is elementary to discriate between English
and German if one uses 2, 3, or 4-grams. The discriminatinggoagrows with

n and for n=4 it is immense. Nevertheless, the best optiomsde be 3-grams:
discrimination is clear and not to expensive in time of cidton.

36 Exercise. One intuitively knows that every writer has his or her owrlesty
Make suitable modifications to the previous code to verig etject this intuitive
feeling. Propose a quantifying definition of style.

37 Challenges

1. The previous program repeats calculations two or threedi And if one
resizes the window, calculations are again repeated. &llishuseless. Ar-
range things to make calculations only once. This is acligvall calcula-
tions are done as previous work before the execution of tirdipg proce-
dure. The price to be payed is that more memory is needed: erthgb is
not realizable because the program uses too much memoryddamagine
a way to diminish the waste of assigned but non used memory?

2. We have been working with the minimum alphabet. Arrangegthto accept
full fledged treatment of writing expressiveness in whatéameguage.

38 Waiting time

In the solution of the previous exercise we claimed that gngtors tend to use
the whole potentiality of the language and so large textsisedess to distinguish
with our techniques between two authors. So, it seems rahtomo think that
after an initial period of learning, which must be sufficigrniong, nothing new
there appears. To test this belief, we composed a code tp @airthe following
task: LetF(i) be the number of chars that have been scanned until finding the
i—th brand new n-gram. L&V¥(i) = F(i) — F(i — 1) be the waiting time, i.e., the
number of additional chars that one must scan to get the mertdlnew n-gram.
We would like to decide whether or not the dependenc@&/aini is polynomial
else exponential. The code follows:
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/ = Program 138 WaitingTime

Our project is to discriminate

whether a given text is written or not in English.

We expect that after sufficient training no new things

shall appear. More rigorously, the waiting time

until the next brand new n-gram must be an increasing functio
of the size of the read portion of the teaching text.

Or, equivalently, let i be the i-th brand new n-gram

that has been recorded, then the waiting time must be an
increasing function in .

This program allows to study the behavior of
the waiting time function.

An n-gram is a sub-string n-symbols long.

Let T(i) be the number of chars that have been
scanned until finding the i-th brand new n-gram.
Let WC()= T() - T(-1) be the waiting time, i.e.,
the number of additional chars that one must
scan to get the next brand new n-gram.

We study the behavior of W(i).

Results are presented in graphic form.

The program has three steps:

Step one:

A text is given for examination.

All n-grams are captured and recorded in the vector
Self, which is a boolean vector:

At the beginning, every entry of Self is set to TRUE.
Each n-gram is given an index, a number that
identifies it in the boolean vector Self.

The index of each n-gram of the text is

calculated and the corresponding entry in Self is

set to false. This mimics the immune system.

Step two:
If an n-gram is found for the first time,

55
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its appearance time is recorded in TIi],

where i is the counter of brand-new n-grams.

The waiting time is W(i)= T(i) - T(i-1).

W is very rich in information, very complex.

So, we calculate a smoothing version of T

and report in a graphic only a sample of values.

The smoothing is done as follows:

for each i, we average the next nWindow terms of WT
an we keep the result in AWTIi].

Step three:
The data in AWT[i] is presented in a graphic form,
but only for those i which are multiples of nWindow.

*/

import java.awt.BorderLayout;

import java.awt.Color;

import java.awt.Graphics;

import java.io.File;

import java.io.FileNotFoundException;
import java.util.NoSuchElementException;
import javax.swing.JFrame;

import javax.swing.JLabel,

import javax.swing.JPanel;

import java.lang.lllegalStateException;
import java.util.Scanner;

public class WaitingTime extends JFrame

{

private static final long serialVersionUID = 1L;

/[The application is instantiated
static WaitingTime p = new WaitingTime();

/[The painting class is declared and instantiated
private static Canvas ¢ = p.new Canvas();
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//[Number of letters in the n-grams

private static int n;

//Number of n-grams

private static int N;

/I[Record of all n-grams: if n>3,

/lthe dimension must be increased

private static Boolean Self[] = new Boolean[2100000];
/[Texts. A StringBuffer is a heavy-duty String.
private static StringBuffer chosenText,trainingText,
testerEng, testerGer;

/[English + German chars, only the most informative

private static String Alphabet =
"A ABCDEFGHIJKLMNOPQRSTUVWXYZ" +
"a abcdefghijkimno  opgrstu  Uvwxyzl3 ";
//Short alphabet to test the code.
//[Diminish nWindow to 3
/llprivate static String Alphabet = "abc";
private static int lengthAlf;
/ILengths of texts
private static int nTrainingText, nTesterEngText,
nTesterGerText, nText;
//Name of chosen text
private static String nameText;
//Appearance time of the i-th brand new n-gram
private static int T[] = new int[210000];
//Waiting time
private static int WT[] = new int[210000];
//Averaged waiting time
/[For each i, average is taken over nWindow data.
private static int AWT[] = new int[210000];
//IMax values of waiting and smoothed waiting times.
private static int maxWT, maxSWT;
//Width of the smoothing window
private static int nWindow;
//[Number of new n-grams
private static int nNew;
IIvertical scale
private static double scale;
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/[Zero y-coordinate

private static int base;

/[Coordinate y of points for the graphic

private static int yPoints[] = new int[200000];

/Imax value of the y-coordinate

private static int ymax;

/INumber of points in the graphic;

private static int nPoints;

//Print additional information

//If you want to see what you print to the console,
/lyou must shorten the alphabet down to some few chars.
private static boolean print = false;

private static boolean printAll = false;

//Machine to read from the hard disk

private static Scanner input;

[ kxxdkrxkkrkk *k kK MAN*H** %k xx Kk xkkxxkx Kk
public static void main( String args[] )
{

System.out.printin("Please, wait for a while");
/lletters per n-gram

n=3;

//Width of smoothing window

nWindow = 100;

/IGraphical scale = 1 for normal size.

scale = 1;
/[To print additional information, change to true
print = true;

printAll = false;
/Nlength of the Alphabet
lengthAlf = Alphabet.length();

System.out.printin( "\nLetters per n-gram = " + n );
System.out.printin( "Lenght of the alphabet = " +
lengthAlf);

/[Length of Self

N = (int) Math.pow(lengthAlf, n); ;

System.out.printin( "Number of n-grams in vector " +
"Self = " + N);

readTexts();
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/IChoose the text to be analyzed

chooseText();

1

/[The JFrame is constructed with a title

JFrame f = new JFrame( "Smooted waiting time" );
/[Control is passed to the painting class ¢ (Canvas)
f.add( c, BorderLayout.CENTER );

f.add( new JLabel(nameText), BorderLayout.SOUTH );
f.setDefaultCloseOperation( JFrame.EXIT_ON_CLOSE );
/[Dimension of the graphical window

f.setSize( 2100, 500 );

f.setVisible( true );

}

/[Text for analysis is chosen.
private static void chooseText()

{
/lchosenText = trainingText; nameText = "English text";
chosenText = testerEng; nameText = "Second Eng Text";
/lchosenText = testerGer; nameText = "German Text";
/ *chosenText = trainingText.append(testerEng);
nameText = "English + Second English texts"; * [
/ »chosenText = trainingText.append(testerGer);
nameText = "English + German texts"; * [
System.out.printin("Chosen text = " + nameText);

}

/I File to be read is opened
private static void openFile(String path)

{
/try and catch pair

try
{

}

catch ( FileNotFoundException fileNotFoundException )

{

input = new Scanner( new File( path ) );

System.err.printin( "File does not exists." );
System.exit( 1 );
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}

/I File is read
public static StringBuffer readData()
{
StringBuffer text = new StringBuffer(");
/ftry and catch pairs
try
{
while ( input.hasNext() )
{
text = text.append(input.next());
/if desired, a space among words
/lcan be inserted
Iltext = text.append(" ");
}
}
catch ( NoSuchElementException elementException )
{
System.err.printin( "File is corrupted." );
input.close();
System.exit( 1 );
}
catch ( lllegalStateException stateException )
{
System.err.printin( "Reading aborted." );
System.exit( 1 );
}

return text;

}

I/l File is closed
private static void closeFile()

{
if ( input !'= null )
input.close(); //

}

[IText is read from file

METRICS
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private static StringBuffer getText(String path)
{
StringBuffer text = new StringBuffer(™);
openFile(path);
text = readData();
closeFile();
return text;

}

/=== == === ——=———=————————————————————————==
[[============PATH TO FILES WITH BOOKS============
/[====Make the changes through your own paths=====

/[Training text in English

private static void readTrainingText()

{

String path = "/home/jose/jose/AAjoser/Ciencia/" +
"ImmuneDistances/BookDelight.txt";

trainingText = getText(path);

String s = trainingText.substring(0, 100);
System.out.printIn(s);

}

/IReading calibration text: a second text in English.

private static void readCalText()

{

String path = "/home/jose/jose/AAjoser/Ciencia/" +
"ImmuneDistances/SamuelButler.txt";

testerEng = getText(path);

}

//Reading test text in German
private static void readTestingText()
{
String path = "/home/jose/jose/AAjoser/Ciencia/" +
"ImmuneDistances/DieGKomoedie.txt";
testerGer = getText(path);
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/[All texts are read
private static void readTexts()
{
readTrainingText();
nTrainingText = trainingText.length();
System.out.printin( "Lenght of trainingText = " +
nTrainingText);

readCalText();

readTestingText();

nTesterEngText= testerEng.length();

System.out.printin( "Lenght of testerEng = " +
nTesterEngText);

nTesterGerText = testerGer.length();

System.out.printin( "Lenght of testerGer = " +
nTesterGerText);

/[IMandatory initialization
private static void initialize()

{
for(int i = 0; i < 2000; i++)
yPoints[i] = 0;
for(int i = 0; i< N; i++)
Self[i] = true;
}

/IReturns the index  of the n-gram ngram.

/[An n-gram is a string with n chars taken from Alphabet.
/[Take ngram as a number in base = length of the Alphabet.
/[The index is that number in base 10.

private static int index(int n, String ngram)

{

char cl =
int p = 0;
int ind = 0;
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boolean correct = true;

for(int i = 0; (i <n) & correct; i++)

{
cl = ngram.charAt(i);
p = Alphabet.indexOf(cl);
if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else
{

ind = -1;

/[Detecting the presence of an alien symbol

correct = false;

}
}
if (printAll)
System.out.printin( "ngram = " + ngram +

index =
+ ind);
return ind;

}

/IThe boolean vector Self[] records the identity
/lof the text.
/[At the beginning, every entry of Self[] is set to TRUE.
/[Each n-gram is given an index, a number that
/lidentifies it in the boolean vector Selff].
/[The index of each n-gram of the trainingText is
/[calculated and the corresponding entry in Self]] is
/l[set to false.
/In is the number of chars of the n-gram
private static void examination(int n,

StringBuffer text)

{

nText = text.length();
int start = O;

int ind = O;

nNew = 0;

for(int c=0; ¢ < nText-n+1; c++)

{

63
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String ngram = text.substring(start,
start+n);
ind = index(n,ngram);
/lif a given char of an n-gram is not in
/lthe alphabet, its index is negative:
/lyou must enlarge the alphabet else ignore it.
if (ind >= 0)
{
if (Selffind] == true)
{
Self[ind] = false;
/lc is the appearance time
/lof the n-gram with index ind.

T[nNew] = c;
nNew = nNew + 1;
}
}
start = start +1,
}
System.out.printin("Number of new n-grams = " + nNew+
"\nWidth of smoothing window = " + nWindow);
}

/[The waiting time is calculated
/land smoothed:
/lthe average of the next nWindow terms
/lis calculated and kept in SWI]

private static void smoothing()
{

int sum = O;

maxSWT = O;

[/Waiting time is calculated

for(int h=1; h < nNew; h++)

WT[h] = T[h] - T[h-1];

//Waiting time is averaged over a window of width nWindow

for(int i = 0; i < nNew - nWindow; i++)
{
for(int j = 0; J] < nWindow; | ++)

sum = sum + WTI[i +j];
double sumd = sum;
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AWTI[i] = (int) sumd / nWindow;

sum = O;

if (AWT[i] > maxSWT) maxSWT = AWT]I];
}

}

//Operational part

private static void work()

{

initialize();

examination(n, chosenText);
smoothing();

if (print)

{

/lconsole output is prepared

System.out.printin("i = i-th brand new n-gram " +

"n-grams in testerEng");
System.out.printin("T(i) = number of char read until " +
"the i-th brand new n-gram was found");

System.out.printin("WT(i) = waiting time = " +
"TO)-T(L));
System.out.printin("AWT (i) = averaged waiting time = " +

"(T(i)-T(i-1))/nWindow");
System.out.printin("i \t T(i) \t WT(@i) \t AWT()");

}
/IGraphical output is prepared
maxWT = 0;
for(int h = 0; h < nNew; h++)
{
if (WT[h] > maxWT) maxWT = WT[h];
if (print)
System.out.printin( h + "t " + T[h] + "t " +
WT[h] + "\t " + AWTIh] );
}

/IA sample of values is chosen for a drawing
System.out.printin( "Waiting time at a sample of points");
double nNewR = nNew;



66 CHAPTER 1. METRICS

nPoints = (int) nNewR / nWindow;

for(int i = 0; i < nPoints; i++)

{
yPoints[i] = (int) Math.round(AWT[nWindow *]);
System.out.printin(i + " " + yPoints[i]);

}
}

[ Fkdkkrrxrdkk PAINTING CLASSkx#xxkrskxkkrkkrkk

/[This is the inner painting class
public class Canvas extends JPanel

{

private static final long serialVersionUID = 1L;

/IConstructor
public Canvas()
{
/linitializes the frame;
repaint();
}

/[Data is normalized to be placed
/lin a given rectangle
private void rescale()

{

/Iscale factors are defined
ymax = 0;

base = 420;

for(int i = 0; i < nPoints; i++)

if ( yPoints[i] > ymax) ymax = yPoints]i];
double rymax = ymax;

double fy = scale * base / rymax;

for(int i = 1; i < nPoints; i++)

yPoints[i] = (int) (base - yPoints[i] * fy);
}

[IThe graphic is drawn
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private void draw(Graphics g )
{
g.setColor(Color.RED);
/[Prop of alien n-grams in English Text
for(int i= 1; i < nPoints-1; i++)
{ g.drawLine(i,
base,
I,
yPoints][i]);

/[A footnote is drawn
private void footnote(Graphics g )

{
g.drawString("Length of text = " + nText +
". Number of needles = "+ nPoints +
". Number of new n-grams = " + nNew +
". Width of smoothing window = " + nWindow+
". Max waiting time (not shown) = " + maxWT +
". Max smoothed waiting time = " + maxSWT,
10, 453);
}

/I[Redraws graphics when either ¢ or repaint() is called
public void paintComponent( Graphics g )
{
work();
//Adjusting to scale
rescale();
/[Draw a graphic
draw(Q);
footnote(q);
}
Y/ end of class Canvas
Y/end of main class 138 WaitingTime

39 Exercise. Run the previous program and play with the code to undersiiand
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For instance, change the value of n among 1, 2, or 3. In casesaiony overflows,
increase the dimensions of arrays, or use a truncated alphab

40 Exercise. Develop your own research to agree else disagree with the nex
conclusions drawn by the Author in regard with the outpuhefprevious program:

1. The graphic of waiting times somehow resembles whiteenoihis was
unexpected by the Author, who thought of a softly increasimgtion.

2. Renown authors seem to obey the next rule: say nothindaks not contain
something new. But to incarnate new ideas in verbal strimge,seeks econ-
omy: the cheapest way to do that is to employ new words withmgrams.
This is already in the making of the language, an inheritdrnm® ancient
people.

3. As a consequence, n-grams are not good to define a stylehmiraauthors
try to use the potentialities of the language (which is sultdce dependent),
and so all of them try to use the same bank of words an henceyms.

4. Languages have a finite number of words, say, one milliohis implies
that in spite of a powerful creativeness, one must anywagerdhe very
same words. Therefore, waiting times for new n-grams must bha overall
increased tendency. This was shown with smoothing tecksigumstead of
drawing a given function, one reports the average of thetiomaround a
certain window. An exponential envelope appears for a widtidow of
100. To unveil an exponential dependence, one pursuesesssgn analysis
of the logarithm of the dependent variable over the untodaega of the
independent one. Using the R-package it was found with astthat the
null hypothesis of a linear dependence of the natural Itlgarof the waiting
time on the number of recorded new n-grams can be explainad byerage
value plus randomness with a probability less than'2 Thus, we feel free
to consider that the dependence of the waiting time on thebeurmof new
n-grams is exponential. The correlation coefficienyjas nearly 0.9, so the
exponential model is good but not perfect: therefore, afgarh a linear
form of the exponent, a polynomial perturbation could evalty fit the data
much better. To learn how to use the R-package, which is fredessional
and expandable with many tools for biology and genetics,(Bedriguez,
2010).
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41 Challenges

1. Study the fine structure of the waiting time function. Ydunsed to save
the output to disk. How to do that is explained in Vol 1 chagterprogram
A158.

2. Add to the previous code the possibility to save grapluadigk for further
processing. This is explained in Vol 3, program C8.

42 On the origin of the exponential envelope of the waiting tinfienction.

Our graphical study of the behavior of the smoothed averégeaiting time
has allowed us to witness an arising of exponential enveltpeems rather diffi-
cult and very intriguing to explain the quantitative origihthis tendency. Never-
theless, a first step in that direction could be to determeeatising envelope for
random texts. This study can be pursued by the next codeythttesizes texts by
concatenation of chars that are generated at random frowea giphabet (with
a uniform distribution). We take as alphabet the same we tondke previous
studies. The code follows:

[ = Program 142 RandomText

Our final purpose is to discriminate

whether a given text is written or not in English.

We expect that after sufficient training no new things
shall appear. More rigorously, the waiting time

until the next brand new n-gram must be an increasing
function of the number of recorded new n-grams.

We have discovered that the waiting time function has
an exponential envelope.

Why?

No idea. nevertheless, our first duty is

to see how is the waiting time for texts

that have been concatenated with chars chosen
at random from a given alphabet.

To that aim, we compose in this program random texts
and study the ensuing waiting time function.
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An n-gram is a sub-string n-symbols long.

Let T(i) be the number of chars that have been
scanned until finding the i-th brand new n-gram.
Let W(i)= T() - T(i-1) be the waiting time, i.e.,
the number of additional chars that one must
scan to get the next brand new n-gram.

We study the behavior of W(i).

Results are presented in graphic form.

The program has three steps:

Step one:

A text is given for examination.

All n-grams are captured and recorded in the vector
Self, which is a boolean vector:

At the beginning, every entry of Self is set to TRUE.
Each n-gram is given an index, a number that
identifies it in the boolean vector Self.

The index of each n-gram of the text is

calculated and the corresponding entry in Self is

set to false. This mimics the immune system.

Step two:

If an n-gram is found for the first time,

its appearance time is recorded in TIi],

where i is the counter of brand-new n-grams.
The waiting time is W(i)= T(i) - T(i-1).

W is very rich in information, very complex.

So, we calculate a smoothing version of T

and report in a graphic only a sample of values.
The smoothing is done as follows:

for each i, we average the next nWindow terms of WT
an we keep the result in AWTIi].

Step three:
The data in AWTI[i] is presented in a graphic form,
but only for those i which are multiples of nWindow.

METRICS
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*/

import java.awt.BorderLayout;
import java.awt.Color;

import java.awt.Graphics;
import java.util. Random;
import javax.swing.JFrame;
import javax.swing.JLabel,
import javax.swing.JPanel,

public class RandomText extends JFrame

{

private static final long serialVersionUID = 1L;

/[The application is instantiated
static RandomText p = new RandomText();

/[The painting class is declared and instantiated
private static Canvas ¢ = p.new Canvas();

//[Number of letters in the n-grams

private static int n;

//Number of n-grams

private static int N;

/I[Record of all n-grams: if n>3,

/lthe dimension must be increased

private static Boolean Self[] = new Boolean[2100000];
/[Texts. A StringBuffer is a heavy-duty String.

private static StringBuffer text;

/[English + German chars, only the most informative
private static String Alphabet =
"A ABCDEFGHIJKLMNOPQRSTUVWXYZ"

71
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"a abcdefghijkilmno  opqgrstu  Uvwxyz3 *;
//Short alphabet to test the code.
//Diminish nWindow to 3
/llprivate static String Alphabet = "abc";
private static int lengthAlf;
/lLengths of texts
private static int  nText;
//Name of chosen text
private static String nameText;
//Appearance time of the i-th brand new n-gram
private static int T[] = new int[450000];
//Waiting time
private static int WT[] = new int[450000];
//[Smoothed, averaged waiting time
private static int AWT[] = new int[450000];
/IMax values of waiting and smoothed waiting times.
private static int maxWT, maxAWT;
//Width of the smoothing window
private static int nWindow;
//Number of new n-grams
private static int nNew;
/Ivertical scale
private static double scale;
/[Zero y-coordinate
private static int base;
//ICoordinate y of points for the graphic
private static int yPoints[] = new int[200000];
//max value of the y-coordinate
private static int ymax;
//Number of points in the graphic;
private static int nPoints;
/[Print additional information.
//If you want to see what you print to the console,
/lyou must shorten the alphabet down to some few chars
/land define nWindow = 3
private static boolean print;
//[Random generator
private static Random r = new Random();

B R R R R *k kK MAN*H** %K xx Kk xkkxxkxx ke
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public static void main( String args[] )

{

System.out.printin("Please, wait for a while");
/lletters per n-gram

n=3;

//Width of smoothing window

nWindow = 100;

//Graphical scale = 1 for normal size.

scale = 1;
/ITo print additional information, change to true
print = true;

/llength of the Alphabet
lengthAlf = Alphabet.length();

System.out.printin( "\nLetters per n-gram = " + n );
System.out.printin( "Lenght of the alphabet = " +
lengthAlf);

/[Length of Self

N = (int) Math.pow(lengthAlf, n); ;

System.out.printin( "Number of n-grams in vector " +

"Self = " + N);

/IA text is composed with chars chosen at random

nameText = "Random";

composeText();

1

/[The JFrame is constructed with a title

JFrame f = new JFrame( "Smooted waiting time" );

/[Control is passed to the painting class ¢ (Canvas)

f.add( c, BorderLayout.CENTER );

f.add( new JLabel(n + "-grams. Text = " + nameText),
BorderLayout.SOUTH );

f.setDefaultCloseOperation( JFrame.EXIT_ON_CLOSE );

//[Dimension of the graphical window

f.setSize( 2100, 500 );

f.setVisible( true );

}

/A random text is composed
private static void composeText()

{

text = new StringBuffer(");
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for(int i = 0; i < 400000; i++)
{

/la random integer number
int | = r.nextint(lengthAlf);
/[A random char

char ¢ = Alphabet.charAt(l);
/[char is appended to text
text = text.append(c);

}

CHAPTER 1.

System.out.printin("Chosen text = " + nameText);

String s = text.substring(0,50);
System.out.printin(s);

}

//Mandatory initialization
private static void initialize()

{
for(int i = 0; i < 2000; i++)
yPoints[i] = 0;
for(int i = 0; i< N; i++)
Self[i] = true;
}

/[Returns the index  of the n-gram ngram.
/[An n-gram is a string with n chars taken from Alphabet.
length of the Alphabet.

/[Take ngram as a number in base =
/[The index is that number in base 10.

private static int index(int n, String ngram)

{

char c1 =
int p = 0;
int ind = 0O;

boolean correct = true;

for(int i = 0; (i <n) & correct; i++)

METRICS
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{
cl = ngram.charAt(i);
p = Alphabet.indexOf(cl);
if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else
{

ind = -1;

/[Detecting the presence of an alien symbol

correct = false;

}
}

return ind;

}

| *
* The boolean vector Self[] records the identity
of the text.
At the beginning, every entry of Self[] is set to TRUE.
Each n-gram is given an index, a number that
identifies it in the boolean vector Selff].
The index of each n-gram of the trainingText is
calculated and the corresponding entry in Selff] is
examined: if it is false, it is set to true
and the number of read chars in recorded in T[].
*/
private static void examination(int n,

StringBuffer text)

{

nText = text.length();

int start = 0;

int ind = O;

nNew = 0O;

for(int c=0; ¢ < nText-n+1; c++)
{

String ngram = text.substring(start,

start+n);
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ind = index(n,ngram);

/lif a given char of an n-gram is not in

/lthe alphabet, its index is negative:

/lyou must enlarge the alphabet else ignore it.

if (ind >= 0)
{
if (Self[ind] == true)
{
Self[ind] = false;
T[nNew] = c;
nNew = nNew + 1;
}
}
start = start +1,
}
System.out.printin("Number of new n-grams = " + nNew+
"\nWidth of smoothing window = " + nWindow);
}

/[The waiting time is calculated
/[ as W[h] = T[h]-T[h-1]
/land smoothed:
/lthe average of the next nWindow terms
/lis calculated and kept in SWI[]

private static void smoothing()
{

int sum = 0;

maxAWT = 0;

//Waiting time is calculated

for(int h=1; h < nNew; h++)

WT[h] = T[h] - T[h-1];

//Waiting time is averaged over a window of width nWindow

for(int i = 0; i < nNew - nWindow; i++)
{

for(iint j = 0; j < nWindow; j ++)
sum = sum + WTI[i +];

double sumd = sum;

AWTI[i] = (int) sumd / nWindow;

sum = O;

if (AWT[i] > maxAWT) maxAWT = AWT]Ji];
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//Operational part

private static void work()
{

initialize();
examination(n, text);
smoothing();

if (print)

{

/lconsole output is prepared

System.out.printin("i = i-th brand new n-gram " +

n

in testerEng");
System.out.printin(*T(i) = number of char read until " +
"the i-th brand new n-gram was found");
System.out.printin("WT(i) = waiting time = " +
"T(@)-T(I-1)");
System.out.printin("i  \t T(i) \t WT(3)");
}
/IGraphical output is prepared
maxWT = 0;
for(int h = 1; h < nNew; h++)
{
if (WT[h] > maxWT) maxWT = WT[h];
if (print)
System.out.printin( h + "t " + T[h] + "\t " +
WT[h] + "\t " + AWTIh] );

/IA sample of values is chosen for a drawing
System.out.printin( "Sampled point \t AWT[]" );
double nNewR = nNew;
nPoints = (int) nNewR / nWindow;
for(int i 0; i < nPoints; i++)
{
yPoints[i] = (int) Math.round(AWT[nWindow *]);
System.out.printin(nWindow *i + " \t" + yPoints[i]);
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/[This is the inner painting class
public class Canvas extends JPanel

{

private static final long serialVersionUID = 1L;

/IConstructor
public Canvas()
{
/linitializes the frame;
repaint();
}

//[Data is normalized to be placed
/lin a given rectangle
private void rescale()

{

/Iscale factors are defined
ymax = 0;

base = 420;

for(int i = 0; i < nPoints; i++)

if ( yPoints[i] > ymax) ymax = yPoints]i];
double rymax = ymax;

double fy = scale * base / rymax;

for(int i = 1; i < nPoints; i++)

yPoints[i] = (int) (base - yPointsi] * fy);
}

[IThe graphic is drawn

private void draw(Graphics g )

{

g.setColor(Color.RED);

/ISmoothed waited time for the i-th
/lbrand new n-gram.

for(int i= 1; i < nPoints-1; i++)
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{ g.drawLine(i,
base,
Iy
yPoints][i]);
}
}

/[A footnote is drawn
private void footnote(Graphics g )

{
g.drawString("Length of text = " + nText +
". Number of needles = "+ nPoints +
". Number of new n-grams = " + nNew +
". Width of smoothing window = " + nWindow+
". Max waiting time (not shown) = " + maxWT +
". Max smoothed waiting time = " + maxAWT,
10, 453);
}

/I[Redraws graphics when either ¢ or repaint() is called
public void paintComponent( Graphics g )
{
work();
//Adjusting to scale
rescale();
/[Draw a graphic
draw(Q);
footnote(q);
}
MYl end of class Canvas
HIEnd of main class 142 RandomText

43 Exercise.Run the previous program and play with the code. Give to n aeval
among 1, 2, 3 but to see something interesting adjust thehwaitdthe smoothing
window, nWindow. For instance, for=a 3, take for nWindow a value among 40
and 500. For n= 2, nWindow might take values greater than 10 but fot & less
than 10. Memory overflows will appear for values of n highemtt3: you must
expand the dimensions of used vectors in the program elsedta the alphabet.

44 Exercise. Verify that the exponential envelope also appears in thdysaf
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DNA strings that have been synthesized as concatenatidragd taken at random
from the DNA alphabet. You must update the alphabet to “ATG@just memory
requirements in the dimensions of arrays, and play with peeeers, say, n, the
number of chars per n-gram, and nWindow the width of the shirgtwindow,
which is the number of data that is averaged to avoid the slcacdsed by white
noise of natural data.

45 Exercise.Discuss the next conclusions drawn by the Author in regattl thie
exponential envelope:

1. A text composed with concatenation of chars taken at nanalso presents
an exponential envelope.

2. The graphic of the waiting time function of random textsysta better fitting
than those of human composed texts.

3. So, from the stand point of n-grams, creativity and infation is a slight
perturbation to random assembling.

4. This means that automatic methods for creativity migeheally be easy
to construct. By the way, evolution is the very first examplé possibly
the most general one. Nevertheless, let us remember thataménple-
ment evolution as bad as desired, i.e., with an incompeterfbpnance as
compared with fully random assembling.

5. On the other hand, no writer tries to mimic randomness.v8xy, do they at
last simulate a random process? A possible explanationaisttie machin-
ery that is responsible for verbal creativity is both soljiadnd biologically
optimized to create at a minimum cost, which is that payedabgomness.

46 Challenge. Make a study of your preferred DNA or protein sequences. Com-
pare results with those gotten for DNA strings synthesizedradom.

1.3 Conclusion

A distance is a mathematical function that is used to meadifferences among
objects. For text objects, say, DNA, proteins or languages)y diverse distances
have been defined. Observing that the immune system carnndisate between
self and not self, we deduced that this system defines a thsdistance: the dis-
tance between self and self is zero but between self andetfds®ne. From this
we predicted that a procedure that mimics the operation @fitfimune system
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must be useful to design language identifiers, which are odelbgies to estab-
lish the identity of a language. At this first stage we justidied whether or not
a text is written in English. We tested and verified this pcedn with a program
in Java for texts in English and German and even to compaersivauthors in
the same language. The crucial definition is that of an n-geasub-string n-chars
long. We used the holographic technique which works asvaidfor a given n,
all the n-grams of a training text are recorded. The proportif alien n-grams in
another text in the same language is calculated. The sanmméswlith a text in a
foreign language. Thus, we end with two proportions of atiegrams. We find the
semi-sum and this defines a thresholid the proportion of alien n-grams of a new
testing text is less than the text is written in the initial language otherwise in the
second. We studied also the behavior of waiting times (tltitiadal number of
chars that one must scan to get the next brand-new n-granwyafmlund an emer-
gent exponential envelope in the large scale that was matitdesby smoothing,
i.e. averaging values close to the one under study. Thiseabserved in texts
that have been synthesized as concatenation of random ditaexplain this is a
challenge offered to our Community.
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Chapter 2

The symmetric distance

Enhancing common sense
47 Purpose

With a minor practice a student of German as a second langtsageorrectly
decide that a given text is or not written in that language.il®vime exact mech-
anism could be person-dependent, a simple theory can bempard and tested:
one pays attention to those distinctive words that are irldhguage but that do
not exist in the others languages one knows. Examptbsund, sie, auf, die, wie,
von, hier, ihr, uns These shorts German words are frequent and do not appear nei
ther in English, nor in Spanish or French so, in regard widséhlanguages, they
are distinctive features of German. Our purpose is to fameahis procedure and
to frame it in the general study of n-grams that was sparkedunystudy of the
immune system.

2.1 A distance for sets

Distinctive words are those that are present in one langbiageot in other(s). Let
us make this idea intodistance i.e., a function to measure differences among any
pair of objects of a given set.

48 The symmetric distance among two sets
Let us consider two setd = {a,b,c,d} andB = {b,c,d,e, f}. They are dif-
ferent: ais in A but not inB, besides and f are inB but not inA. Let us say

from now on that the symmetric distance betwéeandB is 3, because 3 are the
elements that make the difference. The definition follows:

83



84 CHAPTER 2. THE SYMMETRIC DISTANCE

Thesymmetric distancebetween seté andB is the number of elements that
are inA but not inB plus the number of elements that ardBibut not inA. SinceA
andB are valued on equal footing, this distance is really symime®ur notation:

Symmetric distance between A and By(A,B) =#A—B) + #(B—A)

An inefficient form of using the symmetric distance as disdmant tool of
languages would be to consider all the words of a given lorfy fdevertheless,
our developed programs allow us to propose something meesting:

49 The most common n-grams symmetric distance among two texts

Instead of distinctive words, we can rank the n-grams of g lemt according
to frequency and take the most common ones up to certaintbrainform the ref-
erence set of the language. To calculate the resultant synordestance between
two texts we proceed as follows:

1. Two texts are given for examination. All n-grams of eactt s#e captured
and their absolute frequencies are recorded. This oper&tidone with the
help of an indexation procedure.

2. The most common words, up to certain limit, are picked uptars defines
two setsA andB. The elements that make the difference are listed. Exam-
ple: A={1,2,3,4,5} andB = {4,5,6,7,8,9} The set with the elements that
make the difference i& = {1,2,3,6,7,8,9}. This set consists of those ele-
ments that are i but not inB joined to the elements that areBrbut not in
A

3. The symmetric distance between the two texts is definedeaaumber of
elements i, 7 in our example.

50 The code that uses the most common n-grams of two texts toutate its
symmetric distance follows.

/ = Program 150 SymmetricDistance

We use the symmetric distance between sets
together with the most common n-grams in a text
to define a distance among texts. It

mimics what a human being does when recognizing



2.1. ADISTANCE FOR SETS 85

at once that a text is in English else in German.

The program has three steps:

Step one:

Two texts are given for examination.
All n-grams of each text are captured
and their absolute

frequencies are recorded.

This operation is done with the help
of an indexing procedure.

Step two:

The most common words, up to certain limit,
are picked up

and this defines two sets A and B.

The elements that make the difference are listed.
Example: A = {1,2,3,4,5} and

B = {4,5,6,7,8,9}.

The set with the elements that make the difference
is Delta = {1,2,3,6,7,8,9}.

This set consists of those elements

that are in A but not in B

joined to the elements that are in

B but not in A.

Step three:

The symmetric distance between

the two texts is defined as

the number of elements in Delta, 7 in our example.

*/

import java.io.File;
import java.io.FileNotFoundException;
import java.util.NoSuchElementException;
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import java.util.Random;
import java.lang.lllegalStateException;
import java.util.Scanner;

public class SymmetricDistance

{

private static final long serialVersionUID = 1L;

/[The application is instantiated
static SymmetricDistance p = new SymmetricDistance();

/[English + German chars, only the most informative
private static String Alphabet =
"A ABCDEFGHIJKLMNOPQRSTUVWXYZ" +

"a abcdefghijkimno  opqgrstu  uvwxyzR3";
/llength of the Alphabet

private static int lengthAlf = Alphabet.length();
/lletters per n-gram

private static int n=3;
/INumber of n-grams

private static int N = (int) Math.pow(lengthAlf, n);

/[======= Inner class intVector ========
/[This inner class defines a vector with
/linteger numbers as a new type
private class intVector
{
int L = (int) Math.pow(lengthAlf+1, n);
int F[] = new int[L];

/[An instance of intVector can be
/linitialized in various ways:

/IAutomatic zeroed initialization
intVector( )
{
for(int i = 0; i < L; i++)
F[i] = 0;
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}

/Initialization by cloning from A
intVector(intVector A)
{
for(int i = 0; i < L; i++)
F[i] = A.F[i;
}

Y/end of class intVector

/[The frequency of appearance of n-grams in the text.
/If n>3, the assigned memory must be expanded
private static intVector freql, freq2
= p.new intVector();
private static intVector Commonl, Common2
= p.new intVector();

/[Training text. A StringBuffer is a heavy-duty String.
private static StringBuffer EngTextl, EngText2,
GerText, randText;

private static Boolean withBlanks;
/INumber of studied common words
private static int nCommon;

private static int nEngTextl, nEngText2,
nGerText, nText;

private static Boolean printAll;

//Machine to read from the hard disk
private static Scanner input;

/IGenerator of random numbers
private static Random r = new Random();

[ kxxdkrxkkrxkkhk MAN*** % xxx K xx Kk x%
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public static void main( String args[] )

{

System.out.printin("Please, wait for a while");

/[To print additional information, change to true

printAll = false;

/[To include  blank spaces among words

withBlanks = false;

//Number of reported most common words

nCommon = 1000;

System.out.printin( "\nLetters per n-gram = " + n );

System.out.printin( "Lenght of the alphabet = " +
lengthAlf);

System.out.printin( "Number of n-grams in vector " +

"SelfEng = " + N);

/[Test

| *

System.out.printin( "Index of AAA = " + index(3,"AAA"));
System.out.printin( "Index of AA A =" + index(3,"AA A");

System.out.printin( "Index of BRB = " + index(3,"RBRE"));
* [

readTexts();

work();

/I File is opened
private static void openFile(String path)

{
I/ftry and catch pair

try
{

}

catch ( FileNotFoundException fileNotFoundException )

{

input = new Scanner( new File( path ) );

System.err.printin( "File does not exists." );
System.exit( 1 );
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/I File is read
public static StringBuffer readData()
{
StringBuffer text = new StringBuffer("");
/ltry and catch pairs
try
{
while ( input.hasNext() )
{
text = text.append(input.next());
if (withBlanks)
{
/IA blank space is inserted after each word
text = text.append(" ");

}
}
}
catch ( NoSuchElementException elementException )
{
System.err.printin( "File is corrupted." );
input.close();
System.exit( 1 );
}
catch ( lllegalStateException stateException )
{
System.err.printin( "Reading aborted." );
System.exit( 1 );
}

return text;

}

/I File is closed
private static void closeFile()

{
if ( input !'= null )
input.close(); //

}

/[Text is gotten

89
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private static StringBuffer getText(String path)
{
StringBuffer text = new StringBuffer(™);
openFile(path);
text = readData();

closeFile();

return text;
}
//::::::::::::::::::::::::::::::::::::::::::::::::
[|============PATH TO FILES WITH BOOKS============
/[====Make the changes through your own paths=====

/[Training text in English

private static void readEngTextl1()

{

String path = "/home/jose/AAjoser/AJose/Ciencia/" +
"ImmuneDistances/BookDelight.txt";

EngTextl = getText(path);

String s = EngTextl.substring(0, 100);

System.out.printin(s);

}

/I[Reading a second text in English.

private static void readEngText2()

{

String path = "/home/jose/AAjoser/AJose/Ciencia/" +
"ImmuneDistances/SamuelButler.txt";

EngText2 = getText(path);

}

//Reading a text in German
private static void readGerText()
{
String path = "/home/jose/AAjoser/AJose/Ciencia/* +
"ImmuneDistances/DieGKomoedie.txt";
GerText = getText(path);
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}

/A random text with | chars is composed
private static StringBuffer composeText(int L)

{

randText = new StringBuffer("";

for(int i = 0; i < L; i++)

{

/la random integer number
int 1 = r.nextint(lengthAlf);

/[A random char

char ¢ = Alphabet.charAt(l);
/lchar is appended to text
randText = randText.append(c);

}

return randText;

}

private static void readTexts()

{
if (withBlanks)

{
Alphabet = Alphabet + ' ’;
N = Alphabet.length();

}

readEngTextl1();

nEngTextl = EngTextl.length();

System.out.printin( "Lenght of trainingText = " +
nEngTextl);

readEngText2();

nEngText2= EngText2.length();

System.out.printin( "Lenght of testerEng = " +
nEngText2);

readGerText();

nGerText = GerText.length();

System.out.printin( "Lenght of testerGer = " +
nGerText);

91
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/[Returns the index  of ngram in F[] vectors.
/[An n-gram is a string with n chars taken from Alphabet.
/[Take it as a number in base = length of the Alphabet.
/[The index is that number in base 10.
private static int index(int n, String ngram)
{

char c1 =
int p = 0;
int ind = O;

boolean correct = true;

for(int i = 0; (i <n) & correct; i++)

{
cl = ngram.charAt(i);
p = Alphabet.indexOf(cl);
if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else

{
ind = -1;

/IDetecting the presence of an alien symbol
correct = false;

}
}
if (printAll)
System.out.printin( "ngram = " + ngram + " index =
+ ind);

return ind;

}

/IReturns the n-gram corresponding to index ind
/[This is the inverse operation of index()

private static String indexIinverse(int n, int ind)

{

char cl1 = ' 7

CHAPTER 2. THE SYMMETRIC DISTANCE
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int p =0;
String ngram = "
int kK = 0;
int indl = ind;
//System.out.printin("n = " + n);
for(int i = n-1; i > -1; i-)
{
//System.out.printin(" w6 \nIndex = " + indl);
k = ( int ) (Math.pow(lengthAlf, i));
//System.out.printin("k = " + K);
if( kK <= indl)
{
p = indl / k;
/ISystem.out.printin("p = " + p);
cl = Alphabet.charAt(p);
if (withBlanks)

{
/IReplace blank by a visible symbol
if (¢l ==""7) cl = (int) (765);
}
indl = indl - p * K;
}
else c1 = 'A%
//System.out.printin("cl = " + cl);
ngram = ngram+cl ;
}
| *
if (printAll)
System.out.printin( "ngram = " + ngram +
"index = "+ ind); * |
return ngram;
}
| *

This procedure records in F the
frequency of appearance of n-grams in the given Text.
Each n-gram is given an index, a number that

93
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identifies it in the vector F.
At the beginning, every entry of F is set to O.
The index of each n-gram of the Text is
calculated and the corresponding entry in F is
incremented by one.

*/

private static intVector nGramsFrequency(int n,

StringBuffer Text)

{

/[Zeroed initialization

intVector F = p.new intVector();

nText = Text.length();

int start = O;
int ind = 0;
for(int c=0; ¢ < nText-n+1; c++)
{
String ngram = Text.substring(start, start+n);

ind = index(n,ngram);

/lif a given char of an n-gram is not in

/lthe alphabet, its index is negative:

/lyou must enlarge the alphabet else ignore it.
//We ignore it.

if (ind >= 0)

F.F[ind] = F.F[ind] + 1;

start = start +1,

}

return F;

}

/IReturned vector contains the indexes of most frequent n-g
private static intVector commons(int n, intVector F)

{

intVector h = p.new intVector(F);

intVector C = p.new intVector();

int Max;

String s;

for(int counter = 0; counter < nCommon; counter++)

{

rams.



2.1. ADISTANCE FOR SETS

Max = O;
/[Find the max
for(int i = 0; i < N; i++)
if (h.F[i] > h.F[Max] ) Max = i;
/In-gram associated to Max
s = indexlnverse(n, Max);
[ISystem.out.print(s + " ");
System.out.printin(s + "("+ Max + ") " +
"Freq = " + h.F[Max] + " ");

/[The max leaves the game
h.F[Max] = O;

/[The Max is recorded
C.F[counter] = Makx;

}

return C;

}

/[The symmetric distance among two sets
/I of integers C1 and C2 is calculated.
//[Both sets have the same number of elements = nCommon.

private static int distance(int nCommon,
intVector C1, intVector C2)

{
for(int i = 0; i < nCommon; i++)
{
for(int j = 0; ] < nCommon; j++)
{

/IA coincidence is deleted
/l(an index appears in both vectors)
if (C1.F[j] == C2.F[i])
{
CL1.F[j] = -1;
C2.F[i] = -1,

}
}

}
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int d = 0;
System.out.printin("Elements in A but not in B " +
"with their frequencies");

int counterl = O;
for(int i = 0; i < nCommon; i++)

if (C1.F[i] > 0)
{

d = d+1;

counterl++;

System.out.printin(counterl + " " + indexinverse(n,C1.F[
+ " "+ freql.F[C1.F[i]]);

}

System.out.printin("Elements in B but not in A " +
"with their frequencies");

int counter2 = O;

for(int i = 0; i < nCommon; i++)
if (C2.F[i] > 0)
{

d = d+1;

counter2++;

System.out.printin(counter2 + " " + indexlnverse(n,C2.F[
+ " "+ freq2.F[C2.F[i]]);

}

return d;

}

/[The correctness of the program hangs
/lon the index and indexInverse functions.
//One is the inverse of the other.
/[Test at random
private static void runTestl()
{
/[Test for index functions
System.out.printin("\nTest for index functions. index()
+ "\nand indexInverse() must" +
" be inverse one to another");
System.out.printin("Initial ngram + " +
"\t Initial index + \tFinal ngram \n");
for(int i = 0; i < 1000; i++)
{
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String si = composeText(3).toString();

System.out.print( si + "\t");

int indl = index(3,si);

System.out.print( ind1l + "\t");

String sf = indexInverse(3, indl);

System.out.print(  sf+ "\t");

if (si.equals(sf)) System.out.print( "Equal n-grams ");
else System.out.print( "Different n-grams " );

int ind2 = index(3,sf);

System.out.print( ind2 + "\t");

if (indl == ind2) System.out.printin(" Equal indexes ");
else System.out.printin( "Different indexes " );
}

}

/[The correctness of the program hangs

/lon the index and indexInverse functions.

/[One is the inverse of the other.

/[Test on demand.

private static void runTest2()

{

/[Test for index functions

System.out.printin("\nTest for index functions. index()

"\n and indexinverse() must be inverse one to another");

/[String si = "BRR"Y;

String si = "RBzZn";

System.out.print( si + "\t");

int indl = index(3,si);

System.out.print( ind1l + "\t");

String sf = indexInverse(3, indl);

System.out.print(  sf+ "\t");

if (si.equals(sf)) System.out.printin("Equal n-grams")
else System.out.printin( "Different n-grams" );

int ind2 = index(3,sf);

System.out.print( ind2 + "\t");

if (indl ==ind2) System.out.printin( " Equal indexes");

else System.out.printin( "Different indexes" );
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indl = 151393;
System.out.print( ind1 + "\t");
si = indexInverse(3, indl);

System.out.print(  si+ "\t");

ind2 = index(3,si);

System.out.print( ind2 + "\t");

if (indl == ind2) System.out.printin(" Equal indexes ");

else System.out.printin( "Different indexes" );

sf = indexInverse(3, ind2);

System.out.print( sf + "\t");

if (si.equals(sf)) System.out.printin("Equal n-grams ") ;
else System.out.printin( "Different n-grams" );

indl = 151392;
System.out.print( ind1 + "\t");
si = indexInverse(3, indl);

System.out.print(  si+ "\t");

ind2 = index(3,si);

System.out.print( ind2 + "\t");

if (indl == ind2) System.out.print(" Equal indexes ");

else System.out.print( "Different indexes" );

sf = indexInverse(3, ind2);

System.out.print( sf + "\t");

if (si.equals(sf)) System.out.printin("Equal n-grams") ;
else System.out.printin( "Different n-grams" );

indl = 151394;
System.out.print( ind1 + "\t");
si = indexInverse(3, indl);

System.out.print(  si+ "\t");

ind2 = index(3,si);

System.out.print( ind2 + "\t");

if (indl == ind2) System.out.print( " Equal indexes ");

else System.out.printin( "Different indexes" );

sf = indexInverse(3, ind2);

System.out.print( sf + "\t");

if (si.equals(sf)) System.out.print( "Equal n-grams ");
else System.out.printin( "Different n-grams" );

}

/IList of all n-grams and their indexes
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private static void runTest3()

{
for(int i = 000; i < 1000; i++)
{
String si = indexInverse(3,i);
int ind = index(n,si);
System.out.printin(i + " " + si + " " + ind);
}
}
I
private static void work()
{

/IA test for correctness is done.
Boolean Test = false;

if (Test) runTest3();

else

{
if (withBlanks)

{
char ¢ = (int) (765),
System.out.printin("Each blank is replaced by " + c);
}
/[The frequency of n.grams in EngTextl is calculated
freql = nGramsFrequency(n, EngTextl);
String nGram = "and";
int ind = index(n,nGram);
System.out.printin("\nTest: Frequency in EngTextl " +
"of n-gram " + nGram + " = " + freql.F[ind]);
/[The nCommon most common n-grams are picked up
System.out.printin(\nA = " + nCommon + " most common "
+n +
"-grams with their indexes " +
"\nand frequencies in EngTextl");
/[The indexes of most common n-grams in EngTextl
/lare recorded in Coomonl
Commonl = commons(n,freql);
/ *freq2 = study(n, EngText2);

System.out.printin("\n" + "B = " + nCommon +
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most common " + n
+ "-grams with their indexes " +
"and frequencies in EngText2"); */

/[The frequency of n.grams in GerText is calculated
freq2 = nGramsFrequency(n, GerText);
System.out.printin("\nTest: Frequency in GerText" +

" of n-gram " + nGram + " = " + freq2.F[ind]);
/[The nCommon most common n-grams are picked up
System.out.printin("\n" + "B = " + nCommon +

most common " + n
+ "-grams with their indexes " +

"\nand frequencies in the German text");
/[The indexes of most common n-grams in EngTextl
/lare recorded in Common2
Common2 = commons(n,freq2);
System.out.printin("\nList of not coincident n-grams");
int d;
d = distance(nCommon, Commonl, Common2);
System.out.printin("The symmetric distance between " +

"the two texts is " + d);
System.out.printin(* for the " + nCommon +

" most common " +

n + "-grams" );

}
}

}Ylend of main class 150 SymmetricDistance

51 Exercise. Run the program and play with its code. Try out pairs of vasiou
languages. Include texts composed of chars that are chdsamd@om.

52 Exercise. Design your own experimental program to check out the naxt ge
eralizations made by the Author:

1. This method of most common n-grams to define a distance gueats is a
good model of what a human does when he or she tries to idexttdgce in
which language a given texts is.

2. For each number nCommon of most common words, we have andést
The distance for small nCommon is as informative as for a maddene.
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3. The relative distance (the ratio of found distance to makipossible dis-
tance) tends to decrease as the number of considered mastacomgrams
increases.

4. The 18 most common n-grams of each language are disgénatiit and do
not appear in the other.

5. The distance between English and German is for small salfimmost com-
mon n-grams very similar to that between German and randxis te

6. The last two claims seem to contradict the very natural &l®out a contin-
uous evolution of languages along human dispersal.

53 Exercise. Reuse the previous code to develop a program to decide wlaethe
given text is written in English else in German -assuming ihig written in one
of them.

54 Intrigues. Our n-grams distinguish upper case from low one: is this the
best option to produce highly effective discriminatinges® Written languages
not always coincide with spoken ones: Which is the most itaptt How shall
we measure the distance between English and Russian or @mseluse written
texts?

55 Challenge. Find a reliable procedure to use the most common words to
discriminate among English texts written by different augh

56 Challenge. Reuse our software to verify else reject the Zipf's law irardg
with your own language: the frequency of any word in a textieisely propor-
tional to its rank in the frequency table. This says that theosd most frequent
word occurs half as often the most frequent item and so onigédia, 2013 a, b;
Gelbukh et al, 2001; Powers, 20137 ).

2.2 Conclusion

It is amazing how easily one can recognize the language inhwdnkext is written
even with scare training. This must imply that the undedymechanism must
be very simple. In this chapter we have proposed a methogdlwa possibly
generalizes that procedure and that in any case is simplefeeutive: one pays at-
tention to those distinctive n-grams that are in the languag that do not exist in
the others languages one knows. This was readily formaiitdthe symmetric
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distance between pair of sets. Somehow surprising is théhfacthe 18 more fre-
guent 3-grams of both German and English are distinctiveerfit This motivates
a terrible question: is this finding compatible with the matly accepted belief that

languages evolved continuously along human lineages sthes dispersal both
in time and space?



Chapter 3

Facilitated distances

Projecting your set into a distance space

57 Purpose

A distance or metric spaceis a set that is furnished with a distance, a function
to measure the differences among their elements. Somacksspaces are of im-
mediate concern, say, the plane fakilitated distancetakes a set into a distance
space and uses the distance of the hosting space to meastareds over the for-
mer set. Our purpose is to pay special attentioBuclidean distanceswhich use
the plane and its generalizations as hosting spaces, irhwliinécdistance takes the
familiar euclidean form. Next, we plug that distance inte ntgram technology.

3.1 Euclidean distances

Walking induces a sort of natural distance: the distancerdsst two points is the
number of steps across the usual path connecting the twispdira plain terrain,

the usual path is along the straight line that connects thgtvints and the number
of steps is precisely a multiple of tli&uclidean distance which assigns to a pair
of points(x,y) and(z w) a distancel defined by:

d=/(x-2)2+(y—w)?

103
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(xy)

Figure 3.1. The Euclidean distance assigns to two pointseptane a multiple
of the distance that one measures by walking along a strdightconnecting the
two points and counting the number of steps.

The plane with the Euclidean distance is the prototype dadce space. This
distance is generalized in the expected formRBy the space of n-tuples. If one
n-tuple is(xy, Xz, ..., Xn) and the other igy1,y»,...,yn), the distance between them
is defined by:

d=1/(y1— %)%+ (Y2—X2) + .. & (Yn — Xn)?

For instance, the Euclidean distance betwg®nd, 2,3,4) and(5,6,7,8,9) is
in R® given by

d=+/(5-0)2+(6—1)2+(7—2)2+(8—3)2+(9—4)2
= /(52 + (52 + (5)2+ (5)2+ (5)2 = v/125=1118.

We will refer toR" with its Euclidean distance as tBiclidean spaceand the
n will be any natural number from 1 to.

It could be appropriate to recall that not all functions sifsas distances:
A or functiond that assigns to any pair of elements in a set a real number must
comply with some conditions to classify aslistance

1. The distance between an object and itself must be alwagsd@, a) = 0.

2. The distance between objeatandb must be equal to that betwebranda,
d(a,b) =d(b,a).
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3. The direct distance must be shorter than an indirect dfeeb) < d(a,c) +
d(c,b). This is the so called triangle inequality.

All these characteristics work together to make of distareenarvelous tool
that serves to cluster objects according to their simigtod to discriminate them
according to their difference. Thus, distances are at the bagenetic clustering,
phylogenies, pedigrees and related affairs.

58 Facilitated distances

To define a method to distinguish self from not-self is egentto impose a
discrete distance, which assigns 0 to the distance betweenject and itself, and 1
to the distance between two different objects. In spitesofrémendous biological
importance, discrete distances presents a white-blatkrpiof the world. So, an
immediate question arises: How shall we modify a discreséadce to see things
in many diverse tones of gray? One answer to this techniagtopn is immediate:
use a distance space as intermediate. More concretely:

Let (M,d) be a distance spadd with distanced. And let Sbe a set upon
which we want to define a distance. Use a functjpito project or represerfs
into M. The projectionp may result from many sides, say, it counts the number of
shared attributes from a list. Defidg the distance between elemeAtandB of S
as

dp(A,B) = d(p(A), p(B)).

The distancal works overM while d, overS. SpaceM is the hosting space
andd, the induced distance ov&by p andd.
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P(A)

METRIC SPACE

SET

Figure 3.2. A facilitated distance results when a set S isaggnted by p into a
metric or distance space M and its distance is used to mealist@nces between
pairs of elements in S.

The idea of facilitation is very natural and so it can be aphlvithout much
ceremonies and might pass unnoticed. Such may be the next cas

3.2 Euclidean n-gram distance

We have produced a form for listing all possible n-grams fagiveen alphabet
together with the absolute frequency of appearing of eagham in a given text.
Thus, for any text, we can produce the corresponding vedtbequencies of n-
grams. This vector is an n-tuple of real numbers, i.e., inigl@ment of som&",
and so we have a projection of the sets of texts into a metacesp/Me can use its
Euclidean distance to measure the distance between twaefney vectors and so
between two texts.

We have here a case of a facilitated distance that we willEeadlidean n-
gram distance

59 The code for a Euclidean n-gram distance over texts follows.

/ *Program 159 EuclideanDistance
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This program calculates the
Euclidean n-gram distance
between two given texts.

The program has three steps:

Step one:

The frequencies of n-grams captured from a given text
defines an n-tuple, an element of the form
(al,a2,...,an). The whole operation projects the text
into R"n, the set of n-tuples.

This operation is done with the help

of an indexing procedure.

Step two:

Two texts are given for examination.
All n-grams of each text are captured
and their absolute

frequencies are recorded.

Step three:

The Euclidean n-gram distance between the two given texts
is defined as the Euclidean distance between

the n-tuples of absolute frequencies of n-grams.

*/

import java.io.File;

import java.io.FileNotFoundException;
import java.util.NoSuchElementException;
import java.lang.lllegalStateException;
import java.util.Scanner;

public class EuclideanDistance

{

/[The application is instantiated
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static EuclideanDistance p = new EuclideanDistance();

/[English + German chars, only the most informative
private static String Alphabet =
"A ABCDEFGHIJKLMNOPQRSTUVWXYZ" +
"a abcdefghijkimno  opqgrstu  uvwxyzRR";
/llength of the Alphabet
private static int lengthAlf = Alphabet.length();
/lletters per n-gram
private static int n=3;
//Number of n-grams
private static int N = (int) Math.pow(lengthAlf, n);

/[======= Inner class intVector ========
/[This inner class defines a vector with
/linteger numbers as a new type
private class intVector3
{
int L = (int) Math.pow(lengthAlf+1, n);
int F[] = new int[L];

/IAn instance of intVector can be
/finitialized in various ways:

/IAutomatic zeroed initialization
intVector3( )
{
for(int i = 0; i < L; i++)
Flil = 0;
}

}Ylend of class intVector

/[The frequency of appearance of n-grams in the text.
/If n>3, the assigned memory must be expanded
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private static intVector3 freql, freq2
= p.new intVector3();

/[Training text. A StringBuffer is a heavy-duty String.
private static StringBuffer EngTextl, EngText2,
GerText;

private static Boolean withBlanks;

private static int nEngTextl, nEngText2,
nGerText, nText;
private static Boolean printAll;

/IMachine to read from the hard disk
private static Scanner input;

[ wkddkkkrxrhdkk M AN xFx Kk ke kkkxFex

public static void main( String args[] )

{

System.out.printin("Please, wait for a while");
/ITo print additional information, change to true
printAll = false;

/ITo include blank spaces among words
withBlanks = false;

System.out.printin( "\nLetters per n-gram = " + n );
System.out.printin( "Lenght of the alphabet = " +
lengthAlf);

System.out.printin( "Number of n-grams in vector " +
"SelfEng = " + N);

l[Test

| *

System.out.printin( "Index of AAA = " + index(3,"AAA"));
System.out.printin( "Index of AA A =" + index(3,"AA A");

System.out.printin( "Index of BRRR = " + index(3,"RRR"));
*/
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readTexts();
work();

/I File is opened
private static void openFile(String path)

{
/ltry and catch pair
try
{
input = new Scanner( new File( path ) );
}
catch ( FileNotFoundException fileNotFoundException )
{
System.err.printin( "File does not exists." );
System.exit( 1 );
}
}

/I File is read
public static StringBuffer readData()
{
StringBuffer text = new StringBuffer(");
/ftry and catch pairs
try
{
while ( input.hasNext() )
{
text = text.append(input.next());
if (withBlanks)
{
/IA blank space is inserted after each word
text = text.append(" ");
}
}
}

catch ( NoSuchElementException elementException )

{
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System.err.printin( "File is corrupted.” );
input.close();
System.exit( 1 );

}
catch ( lllegalStateException stateException )
{
System.err.printin( "Reading aborted.” );
System.exit( 1 );
}

return text;

}

/I File is closed
private static void closeFile()
{
if ( input != null )
input.close(); //

}

/[Text is gotten
private static StringBuffer getText(String path)
{
StringBuffer text = new StringBuffer(™);
openFile(path);
text = readData();
closeFile();
return text;

}

//::::::::::::::::::::::::::::::::::::::::::::::::
[|============PATH TO FILES WITH BOOKS============
/[====Make the changes through your own paths=====

/[Training text in English
private static void readEngTextl1()

{
String path = “/home/jose/jose/AAjoser/Ciencia/" +
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"ImmuneDistances/BookDelight.txt";
EngTextl = getText(path);
String s = EngTextl.substring(0, 100);
System.out.printin(s);

}

//[Reading a second text in English.

private static void readEngText2()

{

String path = "/home/jose/jose/AAjoser/Ciencia/" +
"ImmuneDistances/SamuelButler.txt";

EngText2 = getText(path);

}

//Reading a text in German
private static void readGerText()
{
String path = “/home/jose/jose/AAjoser/Ciencia/" +
"ImmuneDistances/DieGKomoedie.txt";
GerText = getText(path);

}

private static void readTexts()

{
if (withBlanks)

{
Alphabet = Alphabet + ' ’;
N = Alphabet.length();

}

readEngText1();

nEngTextl = EngTextl.length();

System.out.printin( "Lenght of trainingText = " +
nEngTextl);

readEngText2();

nEngText2= EngText2.length();

System.out.printin( "Lenght of testerEng = " +

nEngText2);
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readGerText();
nGerText = GerText.length();
System.out.printin( "Lenght of testerGer = " +
nGerText);
}
//::: == === s s s s e

/[Returns the index  of ngram in F[] vectors.

/[An n-gram is a string with n chars taken from Alphabet.
/[Take it as a number in base = length of the Alphabet.
/[The index is that number in base 10.

private static int index(int n, String ngram)

{

char c1 ="' ’;

int p = 0;

int ind = O;

boolean correct = true;

for(int i = 0; (i <n) & correct; i++)

{
¢l = ngram.charAt(i);
p = Alphabet.indexOf(cl);
if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else
{

ind = -1,

/[Detecting the presence of an alien symbol

correct = false;

}
}
if (printAll)
System.out.printin( "ngram = " + ngram + " index =
+ ind);

return ind;

}

| *
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This procedure records in F the
frequency of appearance of n-grams in the given Text.
Each n-gram is given an index, a number that
identifies it in the vector F.
At the beginning, every entry of F is set to O.
The index of each n-gram of the Text is
calculated and the corresponding entry in F is
incremented by one.

*/

private static intVector3 nGramsFrequency(int n,

StringBuffer Text)

{

/[Zeroed initialization

intVector3 F = p.new intVector3();

nText = Text.length();

int start = 0O;
int ind = O;
for(int c=0; ¢ < nText-n+1; c++)
{
String ngram = Text.substring(start, start+n);

ind = index(n,ngram);

/lif a given char of an n-gram is not in

/lthe alphabet, its index is negative:

/lyou must enlarge the alphabet else ignore it.
/[/We ignore it.

if (ind >= 0)

F.F[ind] = F.F[ind] + 1;

start = start +1;

}

return F;

}

/[The Euclidean distance among two vectors of integer type
/l(declared as an object intVector3) is calculated
private static double euclideanDistance(int n,
intVector3 vectl, intVector3 vect2)
{
double sum = O;
double d = 0;
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for(int i = 0; 1 < n; i++)

{

long a = vectl.F[i]-vect2.F[i];
sum = sum + a*a;
d = Math.sgrt(sum);

}

return d;

}

/[Operative part
private static void work()

{
if (withBlanks)

{

char ¢ = (int) (765);

System.out.printin("Each blank is replaced by " + c);
}

/[Frequencies of n-grams in texts are calculated

freql = nGramsFrequency(n, EngTextl);

freq2 = nGramsFrequency(n, GerText);

/[Euclidean distance between freql and freq2 is calculated
double d = euclideanDistance(N, freql,freq2);
System.out.printin("The Euclidean n-gram distance betwe

"the two texts is " + d);

Ylend of main class 159 EuclideanDistance

60 Exercise. Run the program and play with its code.

61 Exercise. The previous code is intended to process large texts that beus
read from the hard disc. Nevertheless, if it is wrong, eveng bellow will be
wrong. So, it is mandatory to make some tests for correctrf@gsmake the nec-
essary amendments to find the distance between very simfdewdose correct
answer can be verified directly.

62 Exercise. Add to the previous code the possibility to compose randats te
carry out comparative studies.

en

n
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3.3 Conclusion

We have used the absolute frequencies of diverse n-gramgest &0 measure
the distance between two texts: those frequencies arelestamd we apply to
them the Euclidean distance which is an abstraction of thiaadeof measuring
distances between two points of a plane by counting the nuwibsteps across
the straight line that joins them. The resultant distancebeen called Euclidean
n-gram distance. It can be applied to pair of texts of the maged nature and
diversity and so our immediate concern is to apply it to DNAvmtein sequences.



Chapter 4

Application to proteomes

Distances for protein sequences

63 Introduction and objective. Working on human languages we have tested
with paositive results the biological theory about the immwystem claiming that
the used mechanism to distinguish self from non-self reséslearning procedure
that kills self recognizers and allows others to survive.ithe previous chapters
we have made on our own a research on the potentialities sghmg to measure
differences among texts. In unison with the whole world tisas n-grams in auto-
matic language recognition our verdict is that this entespris plainly successful.
Our purpose in the present chapter is to try our programs oA protein texts.
We face a very intriguing question: can we use or reuse ouwsoé to measure
differences among genomes and to decide when they beloriffeirent species?
Since immune assays has been used in vitro to do this, wet expesitive answer
to this question in our silico world. Therefore, if we failewnust conclude that
we have missed some very important biological concept drdiiasoftware has a
misleading bug. If the answer is positive, we still have #sk f explaining what
enables such a possibility.

4.1 Reuse of previous software

We have worked with human languages and with Latin and Geralamabets.
Now we turn to DNA and protein texts.

64 Exercise: Reuse for proteome analysis.A proteome is a set of sequences
with all the protein sequences of a given living being. Explahat must be done
to adapt our software to the analysis of proteomes. Compare gnswer with
ours in a program below.

117
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65 Reuse for DNA analysis

To reuse our program for the study of DNA all we need is to cleahg em-
ployed alphabet byfA,T,C,G} or another suitable extension, sé,T,C,G, D}
that includes the symbol D for the dimer TT, and so on.

66 Devising fictitious DNA species

With the only purpose of checking out our software, let usriga devise di-
verse fictitious DNA species to test next whether or not otinswe can detect that
diversity.

The idea is as follows: we use the random generator to proDik texts
with a given distribution of frequencies of bases A,T,C andfGve change the
distribution, we produce a different species of DNA: cart thiffierence be detected
by our software? The only allowed answer is positive. Letheck for that.

[ * Program 166 FictitiousDNA

We use the random generator to produce DNA texts with
a given distribution of frequencies of bases A,T,C and G.
If we change the distribution,

we produce a different species of DNA:

can that difference be detected by our software

that calculates the Euclidean n-gram distance

between two given texts?

The Euclidean n-gram distance
is calculated in three steps:

Step one:

The frequencies of n-grams captured from a given text
defines an n-tuple, an element of the form
(al,a2,...,an). The whole operation projects the text
into R"n, the set of n-tuples.

This operation is done with the help

of an indexing procedure.

Step two:
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Two texts are given for examination.
All n-grams of each text are captured
and their absolute

frequencies are recorded.

Step three:

The Euclidean n-gram distance between the two given texts
is defined as the Euclidean distance between

the n-tuples of absolute frequencies of n-grams.

*/

import java.io.File;

import java.io.FileNotFoundException;
import java.util.NoSuchElementException;
import java.util.Random;

import java.lang.lllegalStateException;
import java.util.Scanner;

public class FictitiousDNA

{

/[The application is instantiated

static FictitiousDNA p = new FictitiousDNA();

//English + German chars, only the most informative
private static String Alphabet = "ATCG";

/Nlength of the Alphabet

private static int lengthAlf = Alphabet.length();
/lletters per n-gram

private static int n = 10;

/INumber of n-grams

private static int N = (int) Math.pow(lengthAlf, n);

[l[======= |nner class intVector ========
/IThis inner class defines a vector with
/linteger numbers as a new type
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private class intVector6

{

int L = (int) Math.pow(lengthAlf+1, n);
int F[] = new int[L];

/[An instance of intVector can be
/linitialized in various ways:

/IAutomatic zeroed initialization
intVector6( )
{
for(int i = 0; i < L; i++)
Flil = 0;
}

Ylend of class intVector

/[The frequency of appearance of n-grams in the text.
/If n>3, the assigned memory must be expanded
private static intVector6 freql, freq2
= p.new intVector6();

/[Training text. A StringBuffer is a heavy-duty String.
private static StringBuffer EngTextl, EngText2, GerText,
randomText,randomTextl, randomText2;

private static Boolean withBlanks;
private static int nEngTextl, nEngText2,
nGerText, nText;

private static Boolean printAll;

/IMachine to read from the hard disk
private static Scanner input;
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/[Test with simple strings
private static boolean test = false;

private static StringBuffer s1,s2;
private static int lengthRandomText = 10000;
private static double DistriBasesl[] = new double[4];

private static double DistriBases2[] = new double[4];

/IGenerator of random numbers
private static Random r = new Random();

[ wkddkkkrxkhdkk M AN xFx Kk ke kkKkk Fex

public static void main( String args[] )

{

System.out.printin("Please, wait for a while");
/[To print additional information, change to true
printAll = true;

/[To include blank spaces among words
withBlanks = false;

System.out.printin( "\nLetters per n-gram = " + n );
System.out.printin( "Lenght of the complete alphabet = "
+ lengthAlf);

System.out.printin( "Number of n-grams in vector " +
"SelfEng = " + N);

/IThe test is included
test = false;
if (test) readTextsTest();
| *

else

{

readTexts();
randomText = composeText(lengthRandomText);

}
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*/

System.out.printin( "Length of randomText =
+ lengthRandomText);

/[Fictitious DNA species 1:

//Probabilities of A,T,C and G:

DistriBases1[0] = 0.25;
DistriBases1[1] = 0.25;
DistriBases1[2] = 0.25;
DistriBases1[3] = 0.25;

randomTextl = composeTexts(lengthRandomText, DistriBas
/[Fictitious DNA species 2:

//Probabilities of A,T,C and G:

DistriBases2[0] = 0.10;
DistriBases2[1] = 0.20;
DistriBases2[2] = 0.30;
DistriBases2[3] = 0.40;

randomText2 = composeTexts(lengthRandomText, DistriBas
analizeRandomTexts();

}

/IA test over simple pairs of strings is carried out

private static void readTest()
{

[IVery short alphabet

Alphabet = "ab";

lengthAlf = Alphabet.length();

//Number of n-grams

N = (int) Math.pow(lengthAlf, n);

System.out.printin( "Number of n-grams short alphabet = "

sl
s2

new StringBuffer ( "aaaaaaaaaaaaaaaaa" ) ;
new StringBuffer ( "aaaaababaabbbaababbbabbb" ) ;

esl);

es2);

+ N);
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/A random text with | chars is composed
private static StringBuffer composeText(int L)

!
StringBuffer randText = new StringBuffer(™);

for(int i = 0; i < L; i++4)

{

/la random integer number

int | = r.nextint(lengthAlf);

//A random char

char ¢ = Alphabet.charAt(l);
/lchar is appended to text
randText = randText.append(c);

}

return randText;

}

/[A random text with L chars is composed.

/[Frequencies of A T,C,G follow the distribution

/lgiven by Distri

private static StringBuffer composeTexts(int L,
double[] Distri)

{
StringBuffer randText = new StringBuffer("™);
for(int i = 0; i < L; i++)
{

char ¢ = 'G’;

/la random double number

double a = r.nextDouble();

/[Filtering process

if ( a < Distri[0]+ Distri[1]+ Distri[2]) c¢ = 'C’;

if ( a < Distri[0]+ Distri[1]) c =T,
if ( a < Distri[0] ) c =
/lchar is appended to text

123
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randText = randText.append(c);

}

return randText;

}

private static void readTextsTest()

{
readTest();
EngTextl = si;
GerText = s2;
nEngTextl = EngTextl.length();
System.out.printin( "EngTextl = " + EngTextl +
", Lenght =" +
nEngTextl);
nGerText = GerText.length();
System.out.printin( "GerText = " + GerText +
", Lenght = " +
nGerText);

/I File is opened
private static void openFile(String path)

{
/ltry and catch pair
try
{
input = new Scanner( new File( path ) );
}

catch ( FileNotFoundException fileNotFoundException )

{

System.err.printin( "File does not exists." );
System.exit( 1 );
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/I File is read
public static StringBuffer readData()
{
StringBuffer text = new StringBuffer("");
/ltry and catch pairs
try
{
while ( input.hasNext() )
{
text = text.append(input.next());
if (withBlanks)
{
/A blank space is inserted after each word
text = text.append(" ");

}
}
}
catch ( NoSuchElementException elementException )
{
System.err.printin( "File is corrupted.” );
input.close();
System.exit( 1 );

}
catch ( lllegalStateException stateException )
{
System.err.printin( "Reading aborted." );
System.exit( 1 );
}

return text;

}

/l File is closed
private static void closeFile()
{
if ( input !'= null )
input.close(); //

}

/[Text is gotten
private static StringBuffer getText(String path)
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!
StringBuffer text = new StringBuffer(™);

openFile(path);
text = readData();

closeFile();

return text;
}
//::::::::::::::::::::::::::::::::::::::::::::::::
[[============PATH TO FILES WITH BOOKS============
/[[====Make the changes through your own paths=====
[|[m========================ssSss==SSSsSSS=S=ss======s

/[Training text in English

private static void readEngText1()

{

String path = "/home/jose/AAjoser/AJose/Ciencia/" +
"ImmuneDistances/BookDelight.txt";

EngTextl = getText(path);

String s = EngTextl.substring(0, 100);

System.out.printin(s);

}

//[Reading a second text in English.

private static void readEngText2()

{

String path = "/home/jose/AAjoser/AJose/Ciencia/* +
"ImmuneDistances/SamuelButler.txt";

EngText2 = getText(path);

}

/I[Reading a text in German
private static void readGerText()
{
String path = "/home/jose/AAjoser/AJose/Ciencia/" +
"ImmuneDistances/DieGKomoedie.txt";
GerText = getText(path);

}
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{

}

private static void readTexts()

{

if (withBlanks)

Alphabet = Alphabet + * ’;

N

= Alphabet.length();

readEngTextl1();

nEngTextl = EngTextl.length();

System.out.printin( "Lenght of trainingText = " +
nEngTextl);

readEngText2();

nEngText2= EngText2.length();

System.out.printin( "Lenght of testerEng = " +
nEngText2);

readGerText();

nGerText = GerText.length();

System.out.printin( "Lenght of testerGer = " +
nGerText);

//IReturns the index  of ngram in F[] vectors.

/[An n-gram is a string with n chars taken from Alphabet.
/[Take it as a number in base = length of the Alphabet.

/IThe index is that number in base 10.
private static int index(int n, String ngram)

{

char cl1 =
int p = 0;
int ind = 0O;

boolean correct = true;

for(int i = 0; (i <n) & correct; i++)

127
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{
cl = ngram.charAt(i);
p = Alphabet.indexOf(cl);
if (p>=0)
ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else
{
ind = -1;
/[Detecting the presence of an alien symbol
correct = false;

}

}
if (printAll)
System.out.printin( "ngram =

index =
+ ind);

+ ngram +

return ind;

}

| *
This procedure records in F the
frequency of appearance of n-grams in the given Text.
Each n-gram is given an index, a number that
identifies it in the vector F.
At the beginning, every entry of F is set to O.
The index of each n-gram of the Text is
calculated and the corresponding entry in F is
incremented by one.

*/

private static intVector6 nGramsFrequency(int n,

StringBuffer Text)

{

/[Zeroed initialization

intVector6 F = p.new intVector6();

nText = Text.length();

int start = O;

int ind = O;
for(int ¢c=0; ¢ < nText-n+l; c++)
{
String ngram = Text.substring(start, start+n);

ind = index(n,ngram);
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/lit a given char of an n-gram is not in

/lthe alphabet, its index is negative:

/lyou must enlarge the alphabet else ignore it.
//We ignore it.

if (ind >= 0)

F.F[ind] = F.F[ind] + 1;

start = start +1,

}

return F;

}

/[The Euclidean distance among two vectors of integer type
/l(declared as an object intVector3) is calculated
private static double euclideanDistance(int N,
intVector6 vectl, intVector6 vect2)
{
double sum =
double d = 0O;
if (printAll)
System.out.printin("Frequency vectors to compare");
for(int i = 0; i < N; i++)
{
long a = vectl.F[i]-vect2.F[i];
sum = sum + a*a;
d = Math.sgrt(sum);
if (printAll)
System.out.printin(vectl.F[i] + " " + vect2.F[i]);
}

return d;

}

0;

//Operative part
private static void work()

{
if (withBlanks)

{
char ¢ = (int) (765);
System.out.printin("Each blank is replaced by " + c);

}
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/[EngTextl vs GerText
/[Frequencies of n-grams in EngTextl are calculated
if (printAll)
System.out.printin("\nn-gram analysis of EngTextl1");
freql = nGramsFrequency(n, EngTextl);
if (printAll)
{
System.out.printin("Frequencies of n-grams");
for(int i = 0; i < N; i++)

System.out.printin(freql1.F[i]);

System.out.printin();
}

if (printAll)

System.out.printin("\nn-gram analysis of GerText");

freq2 = nGramsFrequency(n, GerText);

if (printAll)

{

System.out.printin("Frequencies of n-grams");
for(int i = 0; i < N; i++)

System.out.printin(freq2.Fli]);
System.out.printin();

}

/[Euclidean distance between freql and freq2
double d = euclideanDistance(N, freql,freq2);
System.out.printin(\nThe Euclidean n-gram distance" +

" between the two texts, \nEngTextl and " +
"GerText, is " + d);
/[EngTextl vs RandomText
/[Frequencies of n-grams in EngTextl are calculated
if (printAll)
System.out.printin("\nn-gram analysis of EngTextl1");
freql = nGramsFrequency(n, EngTextl);
if (printAll)
{
System.out.printin("Frequencies of n-grams");
for(int i = 0; 1 < N; i++)
System.out.printin(freql.F[i]);
System.out.printin();

}
if (printAll)
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System.out.printin("\nn-gram analysis of randomText");
freq2 = nGramsFrequency(n, randomText);
if (printAll)
{
System.out.printin("Frequencies of n-grams");
for(int i = 0; i < N; i++)
System.out.printin(freq2.FIi]);
System.out.printin();
}
//[Euclidean distance between freql and freq2
d = euclideanDistance(N, freql,freqg2);
System.out.printin(\nThe Euclidean vector
"distance between the two texts, " +
"\nEngTextl and randomText, is " + d);

" +

}

//Operative part
private static void analizeRandomTexts()

{
if (withBlanks)

{
char ¢ = (int) (765);
System.out.printin("Each blank is replaced by " + c);

}

/IrandomTextl vs randomText2
/[Frequencies of n-grams in randomTextl are calculated
if (printAll)
System.out.printin("\nn-gram analysis of randomText1")
freql = nGramsFrequency(n, randomTextl);
if (printAll)
{
System.out.printin("Frequencies of n-grams");
for(int i = 0; i < N; i++)
System.out.printin(freql.F[i]);
System.out.printin();
}
/[Frequencies of n-grams in randomText2 are calculated
if (printAll)
System.out.printin("\nn-gram analysis of randomText2")
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freq2 = nGramsFrequency(n, randomText2);
if (printAll)
{
System.out.printin("Frequencies of n-grams");
for(int i = 0; i < N; i++)

System.out.printin(freq2.F[i]);
System.out.printin();

}

//[Euclidean distance between freql and freq2
double d = euclideanDistance(N, freql,freq2);
System.out.printin("\nThe Euclidean n-gram distance" +

" between the two texts, " +
"randomTextl and randomText2 is " + d);

}

}Ylend of main class 166 FictitiousDNA

67 Exercise. Run the program and play with the code. You can turn off some
printing procedures by setting in line 127 printAll = fals€lay enough to sup-
port else reject the appreciation of the Author that our wedt is really good to
discriminate different fictitious DNA species.

68 Exercise. Verify, as expected, that when one restricts the study tafg,
one obtains as frequencies of 1-grams the injected proitiakilof different bases.

69 Exercise and challenge. Verify, as unexpected, that when one varies n in
the study of n-grams, one obtains a distance that varies asceedsing function
that resembles ¥ k+ a/xI and y= Ce kx or something else. Explain why your
selected functional dependence is observed.

70 Challenge. Verify and prove else reject the intuitive proposal of théhdu to
maximize the information given by n-grams, one needs tgigka super-distance
that is the sum of the Euclidean n-gram distance for n-graonfust two different
values of n.

71 Challenge. Theoretically, our software should be able to distinguigiam

two fictitious DNA species if just sufficiently large texts provided. But in practi-
cal terms, texts must be finite and preferentially short. fleélem is that for short
texts, the distance is not a number but a random variable gothe variance. To
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find a good compromise between length of texts and resojutioe must include
somehow that variance. Realize a study and a solution tgthisiem. Hint: look
at our programs that proposed a solution to this optimizatgmoblem, say, the
hologramic methodology in program 133 LargeTexts.

72 Our directive and challenge. We dismiss sampling effects that affect the
discrimination of short texts when considering completeogees. This means that
the size of complete genomes is declared to be infinite. Bbaifis accepted,
where must we place genetic polymorphism?

4.2 Protein sequences from Internet

We have made the mechanism of the immune system into a seblsfttmdis-
criminate among texts. The fundamental abstraction is timeapt of n-gram, a
sequence of n letters taken from a given alphabet. It happabthis concept is an
ordinary tool in our modern word dominated by informatiotrieval as one can
guess from, say, the invitation of Microsoft (2013) to getjaged in the research
to use n-grams to improve web search efficiency.

73 The work of Bailin Hao

The academic application of n-grams to the study of genomerslty has
been also seriously undertaken. In particular, Bailin Ha® tmade of this theme a
project for his life and career (Hao, 2013a).

We consider that it is impossible to get expertise outsidmfhis works, which
are grouped under the title of CVTree (Composition Vectae)r Besides, he
offers a service of a permanently updated bank of completerges together with
a web service of computational tools. Let us see.

74 Retrieving sequences of complete genomes
We might follow the next steps to retrieve the full librarycaimplete genomes:

1. Open the site
http://tlife.fudan.edu.cn/cvtree/ (revised 20/V/2013).

It is desirable to give a look at th®nline User's Manual If you want to
use the server to run the local application, you nunsate a new projecnd
select the desired genomes to be compared. A new project ienessary
if you just want to download some sequences in protein farmat
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2. Left-click on the boxExample project

3. Left-click onSee detailsA list of genomes will appear. Go to the end of the
list and therauncheclall species. Next, select those species you want, 7 will
suffice to begin with. To be precise, one species is all we fieedhost of
our wok: the Author chosércobacter L uid158135.faa . In any
case, the system of the tlife site does not allow the seleafamore than
900 species per download.

4. Return to the main page and there clitkvnload Wait for the result which
is a link to a great file in the server with all your sequencekck®ver the
link and save your great file to an appropriate folder.

5. Decompress your great file into a bundle of files each ornetivé complete
proteome of a living being, most probably a bacteria. Chauk af them
with a text editor to see its contain full of protein sequeneeany of which
are of unknown function. Notice that the name of files end whih suffix
.faa (see below).

6. You can edit your files by hand to get away with commentaaieb use our
previous software to solve a given task, say, to find disbetween pair of
genomes. Else, use a program below which deals not withfgpaothives
but with all files of a given folder. Maybe you will prefer to wowith a
sample of, say, 7 genomes in a separated folder.

75 The FASTA format for protein sequences

Our files have the extension .faa, which means that they haee briginally
retrieved from the NCBI (2013) and that comeSASTA format for Amino Acids
(NCBI, 2013):

Example:

>0i|129295|sp|P01013|OVAX_CHICK GENE X PROTEIN (OVALBUM IN-RELATED)
QIKDLLVSSSTDLDTTLVLVNAIYFKGMWKTAFNAEDTREMPFHVTKREIUMCMNNSFNVATLI
KMKILELPFASGDLSMLVLLPDEVSDLERIEKTINFEKLTEWTNPNTMEBKR/YLPQMKIEEKYNLT
VLMALGMTDLFIPSANLTGISSAESLKISQAVHGAFMELSEDGIEMAGHDIKHSPESEQFRADH
FLFLIKHNPTNTIVYFGRYWSP

The first line is the description of the sequence, while &leotines contain se-
guence data. The description line (defline) is distinguisihem the sequence data
by a greater-thanx) symbol at the beginning. This line consists of an identifier
and function, if it is known.
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The FASTA code for amino acids are:

A alanine P proline

B aspartate/asparagine Q glutamine

C cystine R arginine

D aspartate S serine

E glutamate T threonine

F phenylalanine U selenocysteine

G glycine V valine

H histidine W tryptophan

| isoleucine Y tyrosine

K lysine Z glutamate/glutamine
L leucine X any

M methionine *  translation stop
N asparagine - gap of indeterminate length

This implies that we work with the alphabet given by

ABCDEFGHIKLMNPQRSTUVWYZX*-

Let us notice that we have more than the ordinary 20 aminsamdoded by
the genetic code. This is due to the fact that after syntliesie ribosomes some
amino acids of some proteins or enzymes undergo biochetnéradformation.

76 Filtering commentaries. Let us learn how to filter, ignore, the first line of a
sequence in .faa format. The executing code follows:

/[Program 176 GenomeCleaner

/[This program reads a genome from a file,
/lignores commentaries

/fand displays its content.

import java.io.BufferedReader;

import java.io.File;

import java.io.FileNotFoundException;
import java.io.FileReader;

import java.io.lOException;

import java.lang.lllegalStateException;
import java.util. NoSuchElementException;
import java.util.Scanner;
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public class GenomeCleaner

{

private static Scanner input;

private static String nameOfFolder =
"Ihome/jose/jose/AAjoser/Ciencia/" +
"GenomesComplete/GenomesSample/";
private static String nameOfFile =
"Arcobacter_L_uid158135.faa";

private static String path = nameOfFolder + nameOfFile;

private static StringBuffer genome = new StringBuffer("")

/Il We read record from file
public static void readData() throws IOException
{
/ltry and catch gates
try
{

FileReader fr = new FileReader(path);
BufferedReader br = new BufferedReader(fr);
String s = "

while((s = br.readLine()) '= null)

{

/[Filtering of first line of each subsequence
if (s.charAt(0) I= '>" )

System.out.printin(s);
genome = genome.append(s);

}
}

fr.close();

}
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catch ( NoSuchElementException elementException )

{
System.err.printin( "File is corrupted.” );
input.close();
System.exit( 1 );
}
catch ( lllegalStateException stateException )
{
System.err.printin( "Reading aborted." );
System.exit( 1 );
}

public static void main(String[] args) throws IOException

{
readData();

}

Y/End of main class 176 GenomeCleaner

77 Exercise. Adapt the code to your files and run it. Play with the code, say,
reuse it to read and print a file with .tex extension.

78 Exercise. Add to the previous code the function of n-gram analysis, i.e
the program must receive a genome as input and must outputtarva n-gram
frequencies.

79 Challenge. The previous program produces a very large output that awerb
dens the console of Eclipse. Made the necessary amendmerss the hard disc
as receiver of output information. This will be a recurreeied in the future.

Following an idea of Bailin Hao (cited above), we proceedésign a graphic
colored display of the vector of absolute frequencies ofars for a given genome.

80 A visor for n-gram analysis. The next code reports an n-gram in a graphic
according to a coloring code.

//Program 180 nGramVisor

/[This applet reads a proteome from a file,
/lignores commentaries,

/[displays its content
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/land carries an n-gram analysis.
/[Report has a graphic form
/laccording to a coloring code.

/[Fasta .faa format is required.

import
import
import
import
import
import
import
import
import

public
{

java.applet.Applet;

java.awt.Color;

java.awt.Graphics;
java.io.BufferedReader;
java.io.FileReader;
java.io.lOException;
java.lang.lllegalStateException;
java.util. NoSuchElementException;
java.util.Scanner;

class nGramVisor extends Applet

private static final long serialVersionUID = 1L;

/[The application is instantiated
private static nGramVisor p =

new nGramVisor();

/IMachine for reading from hard disc
private static Scanner input;

private static String nameOfFolder =
"Ihome/jose/jose/AAjoser/Ciencia/" +

"GenomesComplete/GenomesSample/";

private static String nameOfFile =
"Arcobacter_L_uid158135.faa";

private static String path = nameOfFolder + nameOfFile;

private static StringBuffer proteome =

new StringBuffer("";
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/[The alphabet conforms to fasta format
[l[for amino acids (.faa extension).

private static String Alphabet =
"ABCDEFGHIKLMNPQRSTUVWY¥ZX

/llength of the Alphabet

private static int lengthAlf = Alphabet.length();
/llletters per n-gram

private static int n = 3;

/INumber of n-grams

private static int N = (int) Math.pow(lengthAlf, n);

private static boolean printl = false;
private static boolean print2 = false;
[[======= Inner class intVector ========

/IThis inner class defines a vector with
/linteger numbers as a new type
private class intVector7

{

int L = (int) Math.pow(lengthAlf, n);

int F[] = new int[L];

/IAn instance of intVector can be
/finitialized in various ways:

/IAutomatic zeroed initialization
intVector7( )
{
for(int i = 0; i < L; i++)
Flil = 0;
}
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Ylend of class intVector

private static intVector7 freql
= p.new intVector7();

/[This is the first method to be executed
public void init()
{
//Size of applet
this.setSize(2000,2000);
System.out.printin("n-gram analysis of " + nameOfFile);
System.out.printin("Length of alphabet = "
+ Alphabet.length());

System.out.printin("Number of letters per n-gram = " + n);
System.out.printin(*Number of n-grams = " + N);

printl = false;

print2 = false;

}

//Second method to be executed and
/then on always ready to get into action.
/IThe vector of frequencies is displayed in
/lgraphic form according to a coloring code.

public void paint (Graphics Q)
{

try

{

/In-gram frequencies are found and kept in freql
findFrequencies();

}
catch (IOException e)

{
e.printStackTrace();
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}
[IWidth of pixel
int width = 5;

int max = findMax();

System.out.printin("Scale goes from 0 to " + max);
System.out.printin("Code for intensity from less to more"
" \n black (absence), gray, blue, cyan, yelow," +

" orange, pink, red");

int nPoints = freql.F.length;

boolean go = true;

int pixelsPerRow = 100;

int nRows = nPoints / pixelsPerRow +1;

int counter = O;

for (int i = 0; (i < nRows) & go; i++)

{
for (int | = 0; (j < pixelsPerRow) & go; j++)
{

int index = i  *pixelsPerRow + j;

/[Everything begins in black = absence

g.setColor(Color.BLACK);

/IColors are acquired as frequency increases

if ( freql.F[index] > 0)
g.setColor(Color.GRAY);

if ( freql.F[index] > max/7)
g.setColor(Color.BLUE);

if ( freql.Flindex] > 2 * max/7)
g.setColor(Color.CYAN);

if ( freql.F[index] > 3 * max/7)
g.setColor(Color.YELLOW);

if ( freql.F[index] > 4 * max/7)
g.setColor(Color.ORANGE);

if ( freql.F[index] > 5 * max/7)
g.setColor(Color.PINK);

if ( freql.F[index] > 6 * max/7)

g.setColor(Color.RED);
/[Pixel is drawn
g.filloval( j *width, i *width, width, width );
if (counter >= nPoints-1) go = false;
counter = counter+1;
/ISystem.out.printin("index = " + index );
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public static void findFrequencies() throws IOException
{

readData(path);

proteome = readData(path);

System.out.printin("length of proteome =

+ proteome.length());

freql = nGramsFrequency(n, proteome);

if (print2)

{

System.out.printin(proteome);
System.out.printin("Index, n-gram, and frequency");
for(int i = 0; i < freql.F.length; i++)

System.out.printin(i + "t* + indexInverse(n, i)

+ "\t" + freql.F[i]);

}
findMax();

}

/I We read record from file
public static StringBuffer readData(String path)
throws [OException
{
StringBuffer text = new StringBuffer(");
/ltry and catch gates
try
{

FileReader fr = new FileReader(path);
BufferedReader br = new BufferedReader(fr);
String s = "

while((s = br.readLine()) !'= null)

{

/IFiltering of first line of each subsequence
if (s.charAt(0) I= "> )
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{
//System.out.printIn(s);

text = text.append(s);

}
}
fr.close();
}
catch ( NoSuchElementException elementException )
{
System.err.printin( "File is corrupted." );
input.close();
System.exit( 1 );
}
catch ( lllegalStateException stateException )
{
System.err.printin( "Reading aborted." );
System.exit( 1 );
}

return text;

/[Returns the index  of ngram in F[] vectors.
/[An n-gram is a string with n chars taken from Alphabet.
/[Take it as a number in base = length of the Alphabet.
/IThe index is that number in base 10.
private static int index(int n, String ngram)
{
char c1 =
int p = 0;
int ind = O;
boolean correct = true;
for(int i = 0; (i <n) & correct; i++)
{
cl = ngram.charAt(i);
p = Alphabet.indexOf(cl);
if (p>=0)
ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else
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{
ind = -1;
/[Detecting the presence of an alien symbol
correct = false;
}
}
if (printl)
System.out.printin( "ngram = " + ngram + " index =
+ ind);

return ind;

}

/IReturns the n-gram corresponding to index ind
/[This is the inverse operation of index()

private static String indexlnverse(int n, int ind)

{

char c1 ="' "
int p = 0;
String ngram = "
int kK = 0;

int indl = ind;

/[System.out.printin('n = " + n);
for(int i = n-1; i > -1; i--)

{
//System.out.printin(" #xx  \nlndex = " + indl);
k = ( int ) (Math.pow(lengthAlf, i));
/ISystem.out.printin("k = " + K);
if( k <= indl)
{

p = indl / k;
/ISystem.out.printin("p = " + p);

if (p < Alphabet.length())

cl = Alphabet.charAt(p);

indl = indl - p *K;

}
else ¢l = Alphabet.charAt(0);
/ISystem.out.printin("cl = " + cl);

ngram = ngram+cl ;
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}
if (printl)
System.out.printin( "ngram = " + ngram +
" index =" + ind);
return ngram;
}
| *

This procedure records in F the
frequency of appearance of n-grams in the given Text.
Each n-gram is given an index, a number that
identifies it in the vector F.
At the beginning, every entry of F is set to O.
The index of each n-gram of the Text is
calculated and the corresponding entry in F is
incremented by one.

*/

private static intVector7 nGramsFrequency(int n,

StringBuffer Text)

{

/l/Zeroed initialization

intVector7 F = p.new intVector7();

int nText = Text.length();

int start = O;

int ind = 0O;

for(int c=0; ¢ < nText-n+1; c++)

{

String ngram = Text.substring(start, start+n);

ind = index(n,ngram);

/lif a given char of an n-gram is not in

/lthe alphabet, its index is negative:

/lyou must enlarge the alphabet else ignore it.
//We ignore it.

if (ind >= 0)

F.F[ind] = F.F[ind] + 1;

start = start +1,

}

return F;
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private static int findMax()
{
int max = O;
for(int i = 0; i< freql.F.length; i++)
if (freql.F[i] > max ) max = freql.F[i];
return max;

}

Y/End of main class 180 nGramVisor

81 Exercise.Adapt the code to your local circumstances and run it for galof
n = 3,2,1,4,5. Adjust consequently the size of pixels andhtimeber of pixels per
row. Change to different species. Try out other color enegsliaccording to your
knowledge of the visual force of color.

82 Exercise. Our previous Applet breaks down for n = 5 because produced
graphic is larger than a physical display. This trouble camremedied if one uses

a JFrame with a JScrollPane instead of an Applet. Make a mefean Internet
and try that out.

83 Challenge. Verify that our approach to memory management breaks down
for n = 6. Redesign our program nGramVisor2 to circumvens fhroblem. Expect
larger execution times.

84 Exercise. Notice that there is large connected holes in our n-gramsgiesa
Propose an explanation for this. Test your theories.

85 Exercise. Add to the developed code the possibility to print into thesote
those n-grams that have frequency O: this is another formaietholes. The very
same code must be useful to print those n-grams that appea, dwice, ..., and
to report a frequency table of frequency ranges.

We have produced a software to execute a visual n-gram amalykis is an
important task. To make sure that the program does what it,miissa good idea
to add some feedback information - that maybe importantdmffit

86 Visor with additional information. The next code offers to the User the
possibility to see some relevant information about n-gramaur visual analysis.
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/[Program 186 nGramVisor4

/[This program reads a proteome from a file,
/lignores commentaries,

/[displays its content,

/[carries an n-gram analysis and

//makes a graphic report

/laccording to a coloring code.

/In-grams with zero frequency,

//might also be reported

/ltogether with a frequency table of frequency ranges.
/[Feedback information is displayed.

//Scrolling is possible but because of memory demands,
/it works very poorly.

/[Fasta .faa format is required.

import java.awt.BorderLayout;
import java.awt.Color;

import java.awt.Dimension;

import java.awt.Graphics;

import java.awt.Graphics2D;

import java.awt.event.MouseEvent;
import java.awt.event.MouseListener;

import java.io.BufferedReader;

import java.io.FileReader;

import java.io.lOException;

import java.lang.lllegalStateException;
import java.util. NoSuchElementException;
import java.util.Scanner;

import javax.swing.JFrame;
import javax.swing.JLabel;
import javax.swing.JPanel,
import javax.swing.JScrollPane;
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public class nGramVisor4 extends JFrame
implements MouseListener

{

private static final long serialVersionUID = 1L;

/IModify them as it pleases you:

/lletters per n-gram

private static int n = 3;

//Width of pixel

private static int widthOfPixel = 10;

/INumber of pixels per row

int pixelsPerRow = 50;

//Width of frame

private static int widthOfFrame = 700;

/[Height of frame

private static int heightOfFrame = 700;

/[Directory where your files are kept into

private static String nameOfFolder =
"Ilhome/josel/jose/AAjoser/Ciencia/GenomesComplete/Ge
/IName of the species whose proteome is to be analyzed
private static String nameOfFile =
"Arcobacter L uid158135.faa";

/[The alphabet conforms to fasta format

[l[for amino acids (.faa extension).

/[Full .faa alphabet:

| *

/[Full .faa alphabet:

private static String Alphabet =
"ABCDEFGHIKLMNPQRSTUVW¥ZX

* |

nomesSample/";
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//Short .faa alphabet
private static String Alphabet =
"ACDEFGHIKLMNPQRSTVWY";

private static int rawFreqTable[]] = new int[100];
private static int freqTable[] = new int[100];
private static String titlesFreqTable[] = new String[100]

private static boolean printl = false;
private static boolean print2 = false;

private JLabel barMessage;

private static nGramVisor4 x = new nGramVisor4();
/[======= End of fundamental parameters

//[Constructor of main class:

/[Primary instructions for initialization

public nGramVisor4()

{

/[Title

/[super("n-gram visor");

JFrame frame = new JFrame("n-gram visor");

/[Enabling exit by clicking the terminator icon
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE );
frame.setSize(widthOfFrame, heightOfFrame);

frame.setVisible(true);

barMessage=new JLabel( "Right-click over a given pixel" );
frame.add( barMessage, BorderLayout.SOUTH );
JScrollPane js = new JScrollPane(new Painter());

llIinner painting class is added

js.addMouseListener(this);
frame.getContentPane().add(js);
System.out.printin("n-gram analysis of " + nameOfFile);
System.out.printin("Length of alphabet = "
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+ Alphabet.length());
System.out.printin("Number of letters per
System.out.printin(*Number of n-grams =

public static void main(String[] args)

{

/INothing as yet

}

[[========== INNER DRAWING CLASS

class Painter extends JPanel

{

private static final long serialVersionUID

/IConstructor = initialization
public Painter ()

{

//setSize(getPreferredSize());
Painter.this.setBackground(Color.white);

}

/[Size of the drawing area
public Dimension getPreferredSize()

{

n-gram = " + n);
n + N);

= 1L;

return new Dimension(widthOfFrame, heightOfFrame);

}
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/[Drawing tool

//Second method to be executed and

/then on always ready to get into action.
/[The vector of frequencies is displayed in
/lgraphic form according to a coloring code.

public void paintComponent(Graphics )
{

Graphics2D g2d = (Graphics2D) g;
try
{

/In-gram frequencies are found and kept in freql
findFrequencies();

}
catch (IOException e)

{
e.printStackTrace();

}

int max = findMax();

System.out.printin("Frequency scale goes from 0 to " + max) ;
System.out.printin("Code for intensity from less to more f requency" +
" \n black (absence), white (freq = 1), gray, blue, cyan, vel ow," +
" orange, pink, red");

int nPoints = freql.F.length;

boolean go = true;

int nRows = nPoints / pixelsPerRow +1;

int counter = O;

for(int i = 0; i < 100; i++)

rawFreqTable[i] = O;

for (int j = 0; (j < nRows) & go; j++)
{
for (int i = 0; (i < pixelsPerRow) & go; i++)
{
int index = j  *pixelsPerRow + i;
if ( freql.F[index] == 0)
{
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g2d.setColor(Color.BLACK);

rawFreqTable[0]++;

[ = System.out.printin(index +
+ indexInverse(n, index));

* [
titlesFreqTable[0] = "freq = 0"
}

if ( freql.F[index] == 1)
{

g2d.setColor(Color.WHITE);

rawFreqgTable[1]++;

/ = System.out.printin(index +
+ indexInverse(n, index));
*/

titlesFreqTable[l] = "freq = 1%

}

/[Colors are acquired as frequency increases
if ( freql.Findex] > 1)
{
g2d.setColor(Color.GRAY);
rawFreqTable[2]++;

tittesFreqTable[2] = " 1 < freq <= " + max/7,
}

if ( freql.F[index] > max/7)

{

g2d.setColor(Color.BLUE);
rawFregTable[3]++;

tittesFreqTable[3] = max/7 + " < freq <= " + 2 *max/7,;
}

if ( freql.F[index] > 2 * max/7)

{

g2d.setColor(Color.CYAN);
rawFreqTable[4]++;

tittesFreqTable[4] = 2 *max/7 + " < freq <= " + 3 *max/7;
}

if ( freql.F[index] > 3 * max/7)
{

g2d.setColor(Color.YELLOW);
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rawFregTable[5]++;

tittesFreqTable[5] = 3 *max/7 + " < freq <= " + 4 * max/7;
}

if ( freql.F[index] > 4 * max/7)
{

g2d.setColor(Color.ORANGE);
rawFregTable[6]++;

tittesFreqTable[6] = 4 *max/7 + " < freq <= " + 5 *=max/7;
}

if ( freql.F[index] > 5 * max/7)
{

g2d.setColor(Color.PINK);
rawFreqTable[7]++;

titlesFreqTable[7] = 5 *max/7 + " < freq <= " + 6 *max/7;
}

if ( freql.F[index] > 6 * max/7)
{

g2d.setColor(Color.RED);
rawFreqTable[8]++;

titlesFreqTable[8] = 6 *max/7 + " < freq <= " + max;
}

/[Pixel is drawn

g2d.filloval( i *widthOfPixel, | * widthOfPixel,

widthOfPixel, widthOfPixel );

if (counter >= nPoints-1) go = false;
counter = counter+1,;
//System.out.printin("index = " + index );

| *

System.out.printin("rawFrequency table ");
for(int j = 0; j < 9; j++)

System.out.printin(j + " " + rawFreqTable[j]);
*/

freqTable[0] = rawFreqTable[0];

freqTable[1] = rawFreqTable[1];

for(int j = 2; j < 8; j++)
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freqTable[j] =
rawFregTable[j] - rawFreqTable[j+1];
freqTable[8] = rawFreqTable[8];

System.out.printin("Frequency table of " + " " + n + "-grams"
for(int j = 0; ] < 9; j+4)
System.out.printin(j + " " + freqTable[j]

+ " for range " + titlesFreqTable[j]);

/[Test
int sumNGrams = O;
for(int j = 0; ] < 9; j++4)
sumNGrams = sumNGrams + freqTable[j];

System.out.printin(*Sum = " + sumNGrams + " " + n + "-grams");
H/End of paintComponent
H/IEnd of Painter
[[======== End of inner class Painter =======

/IMachine for reading from hard disc
private static Scanner input;

//Path to file
private static String path = nameOfFolder + nameOfFile;

private static StringBuffer proteome =
new StringBuffer(");
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/llength of the Alphabet
private static int lengthAlf = Alphabet.length();

/Number of n-grams
private static int N = (int) Math.pow(lengthAlf, n);

[[======= Inner class intVector ========
/[This inner class defines a vector with
/linteger numbers as a new type
private class intVectorl0
{
int L = (int) Math.pow(lengthAlf, n);
int F[] = new int[L];

/IAn instance of intVector can be
/finitialized in various ways:

/[IAutomatic zeroed initialization
intVector10( )
{
for(int i = 0; i < L; i++)
Flil = 0;
}

Ylend of class intVector
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private static intVectorl0 freql
= x.new intVectorl0();

public static void findFrequencies() throws IOException
{

readData(path);

proteome = readData(path);

System.out.printin("length of proteome =

+ proteome.length());

freql = nGramsFrequency(n, proteome);

if (print2)

{

System.out.printin(proteome);
System.out.printin("Index, n-gram, and frequency");
for(int i = 0; i < freql.F.length; i++)

System.out.printin(i + "t* + indexInverse(n, i)

+ "\t" + freql.F[i]);

}
findMax();

}

/I We read record from file
public static StringBuffer readData(String path)
throws |OException

{

StringBuffer text = new StringBuffer(");

/ftry and catch gates
try
{
FileReader fr = new FileReader(path);
BufferedReader br = new BufferedReader(fr);
String s = "

while((s = br.readLine()) '= null)
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{

/[Filtering of first line of each subsequence
if (s.charAt(0) !'= "> )

//System.out.printin(s);
text = text.append(s);

}
}
fr.close();
}
catch ( NoSuchElementException elementException )
{
System.err.printin( "File is corrupted.” );
input.close();
System.exit( 1 );
}
catch ( lllegalStateException stateException )
{
System.err.printin( "Reading aborted." );
System.exit( 1 );
}

return text;

/[Returns the index  of ngram in F[] vectors.

/[An n-gram is a string with n chars taken from Alphabet.

/[Take it as a number in base = length of the Alphabet.
/IThe index is that number in base 10.
private static int index(int n, String ngram)
{
char c1 ="' "
int p = 0;
int ind = O;
boolean correct = true;
for(int i = 0; (i <n) & correct; i++)
{
cl = ngram.charAt(i);
p = Alphabet.indexOf(cl);

157
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if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else

{

ind = -1;

/[Detecting the presence of an alien symbol
correct = false;

System.out.printin("Alien : " + p);

}

}

if (printl)

System.out.printin( "ngram = " + ngram + " index =
+ ind);

return ind;

}

/IReturns the n-gram corresponding to index ind
/[This is the inverse operation of index()

private static String indexInverse(int n, int ind)

{

char c1 =" 7
int p = 0;
String ngram = "
int kK = 0;

int indl = ind;

[ISystem.out.printin("'n = " + n);
for(int i = n-1; i > -1; i--)

{
//System.out.printin(" »xx  \nlndex = " + indl);
k = ( int ) (Math.pow(lengthAlf, i));
[ISystem.out.printin("k = " + k);
if( kK <= indl)
{

p = indl / k;
[ISystem.out.printin("p = " + p);

if (p < Alphabet.length())

cl = Alphabet.charAt(p);

indl = indl - p *K;
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}
else c1 = Alphabet.charAt(0);

[ISystem.out.printin("cl = " + cl);
ngram = ngram+cl ;

}
if (printl)
System.out.printin( "ngram = " + ngram +
" index = " + ind);

return ngram;

}

| *
This procedure records in F the
frequency of appearance of n-grams in the given Text.
Each n-gram is given an index, a number that
identifies it in the vector F.
At the beginning, every entry of F is set to O.
The index of each n-gram of the Text is
calculated and the corresponding entry in F is
incremented by one.

*/

private static intVectorl0 nGramsFrequency(int n,

StringBuffer Text)

{

/[Zeroed initialization

intVectorl0 F = x.new intVectorl0();

int nText = Text.length();

System.out.printin("Length  of text = " + nText);
int start = O;

int ind = O;

for(int c=0; ¢ < nText-n+1; c++)

{

String ngram = Text.substring(start, start+n);

ind = index(n,ngram);

/lif a given char of an n-gram is not in

/lthe alphabet, its index is negative:

/lyou must enlarge the alphabet else ignore it.
/[/We ignore it.
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if (ind >= 0)
F.F[ind] = F.F[ind] + 1;
start = start +1;
}
return F;
}

private static int findMax()
{
int max = O;
for(int i = 0; i< freql.F.length; i++)
if (freql.F[i] > max ) max = freql.F[i];
return max;

public void mouseClicked( MouseEvent event )
{
int i = (int) Math.floor(event.getX()/widthOfPixel);
int j = (int) Math.floor(event.getY()/widthOfPixel);
int index = j  =*pixelsPerRow + i;
int freq = freql.F[index];
String nGram = indexlnverse(n,index);
| *
freql.F[index] = O;
g2d.fillOval( j * widthOfPixel, i * widthOfPixel,
widthOfPixel, widthOfPixel ); * [
barMessage.setText( String.format(
"Clicked at [%d, %d]," +
" index = %d, freq = %d, n-gram = %s",
i, j, index,freq,nGram) );

}

public void mousePressed( MouseEvent event ){ }
public void mouseReleased( MouseEvent event ){ }
public void mouseEntered( MouseEvent event ){ }

CHAPTER 4. APPLICATION TO PROTEOMES
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public void mouseMoved( MouseEvent event { }
public void mouseDragged( MouseEvent event }{ }
public void mouseExited( MouseEvent event ){ }

Y/End of main class 186 nGramVisord

87 Exercise. Maodify the code to enable the written presentation of thercof
the clicked pixel. This is important when n is large (gredtean 3).

88 Shooting memory problemsAn n-gram analysis produces memory pressing
and overflows. Graphic scrolling gets unsatisfactory ewervéry low values of n.
There are two exits from this problem. First: changing theesrof the listed amino
acids that form the alphabet. In that way the first and uppet pathe graphic
presents different slides of the overall picture. One abvegn do this by hand.
Second: cutting the graphic into pieces that fit the displéhaut scrolling and
that are presented one after the other as requested by the Weewill implement
the second idea in a moment.

89 Interlude. We usually hide the many trials that we do before getting aepc
able code. So, we proceed just as nature: living beings aceezkingly complex
but at the same time they look perfect and no trace of the tafininany imperfect
trials expected under the Darwinian Evolutionary Theorg éound. That is why
the Evolutionary Theory is obviously false. To illustrakist let us present the
main steps that were taken to solve the posed problem.

90 Challenge.lt is certain that the Darwinian Evolutionary Theory is obusly

false. Anyway, some guestions might be interesting, sayualprograms have
been composed with an aim in mind. But the Darwinian Evahatip Theory
presents evolution as a mindless software developer tiolas lan aim (this is cor-
rect). So, can we apply our claim to a mindless world and ifahewer is affir-

mative, how? Invitation: compare your answer with ours tisagomewhere in Vol
Il.

91 No go. Our aim is to cut a great graphic into pieces that could be smow
without scrolling while offering the possibility to navigaalong slides. So, we
need two buttons, one for the next page and the other for tbeiqus page. It
happened that we imagine the solution to be simple and tii¢the next proposal:
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/IProgram 191 nGramVisor6

/[This program reads a proteome from a file,
/lignores commentaries,

/[displays its content in various slides,

/[carries an n-gram analysis and

/Imakes a graphic report

/laccording to a coloring code.

/In-grams with zero frequency,

/Imight also be reported

/ltogether with a frequency table of frequency ranges.
/[Feedback information is displayed.

/IScrolling is possible but because of memory demands,
/it works very poorly.

/IThe color of the clicked pixel can be read

/lat the bottom bar.

/[Fasta .faa format is required.

/IThis version is a proposal to implement the next task:
/lto cut a great graphic into pieces that could be
/Ishown without scrolling while offering the

/Ipossibility to navigate along slides.

//So, we add two buttons, one for the next page and
/lthe other for the previous page.

/IThe program does not work:
/[Activate instructions in line 212 and 228
/land verify that they cause a bug.

import java.awt.BorderLayout;
import java.awt.Color;

import java.awt.Cursor;
import java.awt.Dimension;
import java.awt.Graphics;
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import java.awt.Graphics2D;

import java.awt.Point;

import java.awt.event.ActionEvent;
import java.awt.event.ActionListener;
import java.awt.event.MouseEvent;
import java.awt.event.MouseListener;

import java.io.BufferedReader;

import java.io.FileReader;

import java.io.lOException;

import java.lang.lllegalStateException;
import java.util. NoSuchElementException;
import java.util.Scanner;

import javax.swing.BoxLayout;
import javax.swing.JButton;
import javax.swing.JFrame;
import javax.swing.JLabel;
import javax.swing.JPanel,
import javax.swing.JScrollPane;

public class nGramVisor6 extends JFrame
implements MouseListener

{

private static final long serialVersionUID = 1L;

//Modify them as it pleases you:

/lletters per n-gram

private static int n = 3;

//Width of pixel

private static int widthOfPixel = 10;
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/INumber of pixels per row
private static int pixelsPerRow = 50;
private static int pixelsPerPage;

private static int rowsPerPage;
private static int pageCounter;

private static int counter;
private static int nPoints;

//Width of frame
private static int widthOfFrame = 1200;
/[Height of frame
private static int heightOfFrame = 1000;

/INumber of pixels per page in the vertical direction
private static int usefulPageHeight = 800;

/[Directory where your files are kept into

private static String nameOfFolder =
"lhome/josel/jose/AAjoser/Ciencial" +
"GenomesComplete/GenomesSample/";

/IName of the species whose proteome is to be analyzed

private static String nameOfFile =

"Arcobacter_L_uid158135.faa";

/[The alphabet conforms to fasta format

[l[for amino acids (.faa extension).

/[Full .faa alphabet:

| *

/[Full .faa alphabet:

private static String Alphabet =
"ABCDEFGHIKLMNPQRSTUVW¥ZX

*/

//Short .faa alphabet
private static String Alphabet =
"ACDEFGHIKLMNPQRSTVWY";
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private static int freqTable[]] = new int[100];
private static int max = O;
private static String titlesFreqTable[]] = new String[100]

private static boolean printl = false;
private static boolean print2 = false;

private JLabel barMessage;
/lnitialization of color variables

private static Color OurColors[ ] = {Color.BLACK,
Color.WHITE, Color.GRAY, Color.BLUE, Color.CYAN,
Color.YELLOW, Color.ORANGE, Color.PINK, Color.RED};
private static String NamesColors[ ] = {"BLACK",
"WHITE", "GRAY", "BLUE", "CYAN",

"YELLOW", "ORANGE", "PINK", "RED"Y};

/llength of the Alphabet
private static int lengthAlf = Alphabet.length();

//Number of n-grams
private static int N = (int) Math.pow(lengthAlf, n);

private static boolean counting = true;
private static int numberOfpages =0;
private static boolean go = true;

private static JButton nextPage =

new JButton("Next page");
private static JButton previousPage =
new JButton("Previous page");

llinstantiation of main class
private static nGramVisor6 x = new nGramVisor6();

/[======= End of fundamental parameters



166 CHAPTER 4. APPLICATION TO PROTEOMES

/[Constructor of main class:

/[Primary instructions for initialization

public nGramVisor6()

{

/[Title

/[super("n-gram visor");

JFrame frame = new JFrame("n-gram visor");

/[Enabling exit by clicking the terminator icon
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE );
frame.setSize(widthOfFrame, heightOfFrame);

frame.setVisible(true);

barMessage=new JLabel( "Right-click over a given pixel" );
frame.add( barMessage, BorderLayout.SOUTH );
JScrollPane js = new JScrollPane(new Painter());
js.addMouseListener(this);

/lIinner painting class is added

//[Buttons go here

JPanel rightPanel = new JPanel();

rightPanel.setLayout(new BoxLayout(rightPanel,
BoxLayout.PAGE_AXIS));

nextPage.setVisible(true);
previousPage.setVisible(true);
rightPanel.add(previousPage);
rightPanel.add(nextPage);
rightPanel.add(js);

/I frame.getContentPane().add(js);

frame.getContentPane().add(rightPanel);

System.out.printin("n-gram analysis of " + nameOfFile);
System.out.printin("Length of alphabet = "

+ Alphabet.length());
System.out.printin("Number of letters per n-gram = " + n);
System.out.printin(*Number of n-grams = " + N);
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//Button previousPage
I
previousPage.addActionListener(new ActionListener()

{

public void actionPerformed(ActionEvent e)

{

pageCounter--;
System.out.printin("PPPP");

/IActivate the next line to see an error
/[Painter.repaint();

}
Ok

//[Button nextPage
I
nextPage.addActionListener(new ActionListener()

{

public void actionPerformed(ActionEvent e)

{

pageCounter++;
System.out.printin(*"NNNN");

/IActivate the next line to see an error
/[Painter.repaint();

}
D

Y/End of constructor of nGramVisor6()

//Specifications for the frequency table
public static void definitions()
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{
tittesFreqTable[0] = "freq = 0"
tittesFreqTable[1] = "freq = 1"

tittesFreqTable[2] = " 1 < freq < " + max/7;

tittesFreqTable[3] = max/7 + " <= freq < " + 2 *max/7;
tittesFreqTable[4] = 2 *max/7 + " <= freq <" + 3 *max/7;
tittesFreqTable[5] = 3 *max/7 + " <= freq <" + 4 * max/7,
tittesFreqTable[6] = 4 *max/7 + " <= freq <" + 5 *max/7;
tittesFreqTable[7] = 5 *max/7 + " <= freq <" + 6 *max/7;
tittesFreqTable[8] = 6 *max/7 + " <= freq <= " + max;

}

/IAssigns a frequency range to the n-gram
/lgiven by index.

//Builds the frequency table by ranges.
/lcounting is a boolean flag for counting
public static int classification(int index)

{

int rangeNumber = -1,

/IColors are assigned according to frequency
if ( freql.F[index] == 0)

{

if (counting) freqTable[0]++;
/ = System.out.printin(index +
+ indexinverse(n, index));
*/
rangeNumber = 0;

}

if ( freql.F[index] == 1)
{
if (counting) freqTable[1]++;
[ = System.out.printin(index +
+ indexInverse(n, index));
* [
rangeNumber = 1;

}
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if (( freql.F[index] > 1) &
( freql.F[index] < max/7))
{
if (counting) freqTable[2]++;
rangeNumber = 2;
}
if (( freql.F[index] >= max/7) &
( freql.F[index] < 2 * max/7))
{
if (counting) freqTable[3]++;
rangeNumber = 3;
}
if (( freql.F[index] >= 2 * max/7) &
( freql.F[index] < 3 * max/7))
{
if (counting) freqTable[4]++;
rangeNumber = 4;
}
if (( freql.F[index] >= 3 *max/7) &
( freql.F[index] < 4 * max/7))
{
if (counting) freqTable[5]++;
rangeNumber = 5;
}
if (( freql.F[index] >= 4 *max/7) &
( freql.F[index] < 5 * max/7))
{
if (counting) freqTable[6]++;
rangeNumber = 6;

}
if (( freql.F[index] >= 5 * max/7) &
( freql.F[index] < 6 * max/7))
{

if (counting) freqTable[7]++;
rangeNumber = 7;

}
if (( freql.F[index] >= 6 *max/7) &
( freql.F[index] <= max))
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{
if (counting) freqTable[8]++;
rangeNumber = 8;

}

return rangeNumber;

}

public static void report()

{
System.out.printin("Frequency table of " + " " + n
+ "-grams");

forint j = 0; j < 9; j++)

System.out.printin(j + " " + freqTable[j]

+ " for range " + titlesFreqTable[j]

+ " " + NamesColors[j]);

/[Test

int sumNGrams = O;
for(int j = 0; j < 9; j++)
sumNGrams = sumNGrams + freqTable[j];

System.out.printin("Sum = + sumNGrams + " " + n
+ "-grams");

/[Frequencies are grouped in ranges
public static void rangeTable()
{
try
{

/In-gram frequencies are found and kept in freql
findFrequencies();

}
catch (IOException €)

{
e.printStackTrace();

}
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max = findMax();

definitions();

System.out.printin("Frequency scale goes from 0 to
+ max + "\nCode for intensity from less to" +

more frequency: \n black (absence), " +

"white (freq = 1), gray, blue, cyan, yelow," +

orange, pink, red");

nPoints = freql.F.length;

for (int index = 0; (index < nPoints) & go; index++)

{
int range = classification(index);
if (printl)
System.out.printin("index = " + index + " range = "
+ range + "Frequency " + freql.F[index]);
}
report();

/[The main method is necessary
public static void main(String[] args)

{

/INothing as yet, methods are invoked by
//paintComponent(Graphics Q)

static class Painter extends JPanel

{
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private static final long serialVersionUID = 1L;

/IConstructor = initialization
public Painter ()

{

/IsetSize(getPreferredSize());

Painter.this.setBackground(Color.white);
revalidate();

/IA cursor is chosen
setCursor (Cursor.

getPredefinedCursor(Cursor. CROSSHAIR_CURSOR));

/[Size of the drawing area

public Dimension getPreferredSize()

{

return new Dimension(widthOfFrame, heightOfFrame);

}

public static void drawPage(Graphics g2d, int pageCounter
{
counter = pageCounter * pixelsPerPage;
System.out.printin("counter at drawpage= " + counter);
for (int | = 0; (j < rowsPerPage) & go; j++)
{
for (int i = 0; (i < pixelsPerRow) & go; i++)
{
int index = pageCounter * pixelsPerPage +
j * pixelsPerRow + i;
int range = classification(index);
if (printl)
System.out.printin("index = " + index + " range ="
+ range + "Frequency " + freql.F[index]);

g2d.setColor(OurColors[range]);
/IPixel is drawn

g2d.filloval( i * widthOfPixel, | * widthOfPixel,
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widthOfPixel, widthOfPixel );
if (counter >= nPoints-1) go = false;
counter = counter+1;
}
}
}

//[Drawing tool
//[Second method to be executed and
/then on always ready to get into action.
/[The vector of frequencies is displayed in
/lgraphic form according to a coloring code.
@Override

protected void paintComponent(Graphics g)

{

super.paintComponent(g);

Graphics2D g2d = (Graphics2D) g;
rangeTable();

//Counting must be done just once

counting = false;

/lpainting

rowsPerPage = usefulPageHeight/widthOfPixel;

pixelsPerPage = rowsPerPage * pixelsPerRow;

nPoints = freql.F.length;

numberOfpages = nPoints/(pixelsPerPage);
int counter = 0;

int pageCounter = 1;

drawPage(g2d, pageCounter);

System.out.printin("counter = " + counter);
counter = 0O;
/IpageCounter = 0;

HIEnd of paintComponent

Y/End of Painter

173
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//Machine for reading from hard disc

private static Scanner input;

/IPath to file

private static String path = nameOfFolder + nameOfFile;

private static StringBuffer proteome

new StringBuffer(");

[[======= |nner class intVector ===
/IThis inner class defines a vector with

/linteger numbers as a new type
private class intVectorl0

{

int L = (int) Math.pow(lengthAlf, n);
int F[] = new int[L];

/[An instance of intVector can be
/linitialized in various ways:

/[IAutomatic zeroed initialization
intVector10( )

{
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for(int i = 0; i < L; i++)
Fli] = 0;
}

Ylend of class intVector

private static intVectorl0 freql

= x.new intVector10();

public static void findFrequencies() throws IOException

{
readData(path);

proteome = readData(path);
System.out.printin("length of proteome =
+ proteome.length());

freql = nGramsFrequency(n, proteome);

if (print2)

{

System.out.printin(proteome);
System.out.printin("Index, n-gram, and frequency");
for(iint i = 0; i < freql.F.length; i++)

System.out.printin(i + "\t" + indexInverse(n, i)

+ "t" + freql.F[i]);

}
findMax();

}

/Il We read record from file

175
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public static StringBuffer readData(String path)
throws |OException
{
StringBuffer text = new StringBuffer(");
/ftry and catch gates
try
{

FileReader fr = new FileReader(path);
BufferedReader br = new BufferedReader(fr);

String s = "

while((s = br.readLine()) !'= null)

{

/[Filtering of first line of each subsequence
if (s.charAt(0) I= '>" )

//System.out.printin(s);
text = text.append(s);

}

fr.close();

}

catch ( NoSuchElementException elementException )
{
System.err.printin( "File is corrupted.” );
input.close();
System.exit( 1 );
}
catch ( lllegalStateException stateException )
{
System.err.printin( "Reading aborted.” );
System.exit( 1 );
}

return text;

/[Returns the index  of ngram in F[] vectors.
/[An n-gram is a string with n chars taken from Alphabet.
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/[Take it as a number in base = length of the Alphabet.
/IThe index is that number in base 10.
private static int index(int n, String ngram)
{

char cl =
int p = 0;
int ind = 0;

boolean correct = true;

for(int i = 0; (i <n) & correct; i++)

{

cl = ngram.charAt(i);

p = Alphabet.indexOf(cl);

if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else

{

ind = -1;

/[Detecting the presence of an alien symbol
correct = false;
System.out.printin("Alien : " + p);

}

}

if (printl)

System.out.printin( "ngram = " + ngram +

index =
+ ind);
return ind;

}

/IReturns the n-gram corresponding to index ind
/[This is the inverse operation of index()

private static String indexInverse(int n, int ind)

{

char c1 =" 7

int p = 0;

String ngram = "

int kK = 0;

//System.out.printin("n = " + n);
for(int i = n-1; i > -1; i--)
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{
//System.out.printin(" #xx  \nlndex = " + indl);
k = ( int ) (Math.pow(lengthAlf, i));
/ISystem.out.printin("k = " + K);
if( k <= indl)
{
p = indl / k;

/ISystem.out.printin("p = " + p);
if (p < Alphabet.length())
cl = Alphabet.charAt(p);

indl = indl - p *K;

}

else c1 = Alphabet.charAt(0);
/ISystem.out.printin("cl = " + cl);
ngram = ngram+cl ;

}

if (printl)

System.out.printin( "ngram = " + ngram +
"index =" + ind);

return ngram;

}

| *
This procedure records in F the
frequency of appearance of n-grams in the given Text.
Each n-gram is given an index, a number that
identifies it in the vector F.
At the beginning, every entry of F is set to O.
The index of each n-gram of the Text is
calculated and the corresponding entry in F is
incremented by one.

*/

private static intVectorl0 nGramsFrequency(int n,

StringBuffer Text)

{

/[Zeroed initialization

intVectorl0 F = x.new intVectorl0();
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int nText = Text.length();

System.out.printin("Length  of text = " + nText);
int start = O;

int ind = O;

for(int c=0; ¢ < nText-n+1; c++)

{

String ngram = Text.substring(start, start+n);

ind = index(n,ngram);

/lif a given char of an n-gram is not in

/lthe alphabet, its index is negative:

/lyou must enlarge the alphabet else ignore it.
/[/We ignore it.

if (ind >= 0)

F.F[ind] = F.F[ind] + 1;

start = start +1;

}

return F;

}

private static int findMax()
{
int max = O;
for(int i = 0; i< freql.F.length; i++)
if (freql.F[i] > max ) max = freql.F[i];
return max;

public void mouseClicked( MouseEvent event )

int i (int) Math.floor(event.getX()/widthOfPixel);
int j (int) Math.floor(event.getY ()/widthOfPixel);
int index = j  *pixelsPerRow + i;

int freq = freql.F[index];

/lcounting = false;

int range = classification(index);
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String nameOfColor = NamesColors[range];

String nGram = indexinverse(n,index);
barMessage.setText( String.format(
"Clicked at [%d, %d]," +
"Page number " + "page" +
index = %d, freq = %d, n-gram = %s, %s",
i, j, index, freq, nGram, nameOfColor) );

}

public void mousePressed( MouseEvent event ){ }
public void mouseReleased( MouseEvent event ){ }
public void mouseEntered( MouseEvent event ){ }
public void mouseMoved( MouseEvent event ){ }
public void mouseDragged( MouseEvent event Y{ }
public void mouseExited( MouseEvent event }{ }

Y/End of main class 191 nGramVisor6

92 Exercise.Verify that the previous program runs in spite of two errdalst the
two buttons are visible, that the listeners hear normallyt that the execution is
not done because of a call to the method repaint() that cabegbrocessed and
that cause fatal errors.

93 Help from Internet. Since we found ourselves in a blind alley, we decided
to look at Internet for a solution to our problem: the methegaint() cannot be
invoked because a trouble with inner classes. No directieolwas found but the
next code offered a hope:

/[Program 193 GraphPanel

/[This program shows how to control repaint()
/lwith a button.

/ =By trashgod
http://stackoverflow.com/questions/4282159
Retrieved 1/V/2013

*/
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import java.awt.BorderLayout;
import java.awt.Color;

import java.awt.Dimension;
import java.awt.EventQueue;
import java.awt.Graphics;

import java.awt.Graphics2D;
import java.awt.RenderingHints;
import java.awt.event.ActionEvent;
import javax.swing.AbstractAction;
import javax.swing.JButton;
import javax.swing.JFrame;
import javax.swing.JPanel,

public class GraphPanel extends JPanel {

private static final long serialVersionUID = 1L;
private boolean colorFlag;

public GraphPanel() {
this.setPreferredSize(new Dimension(640, 480));

}

public void toggle() {
colorFlag = !colorFlag;

}

@Override
protected void paintComponent(Graphics g) {
super.paintComponent(g);
Graphics2D g2 = (Graphics2D) g;
g2.setRenderingHint(RenderingHints.KEY_ANTIALIASING
RenderingHints.VALUE_ANTIALIAS_ON);
if (colorFlag) {
g2.setColor(Color.red);
} else {
g2.setColor(Color.blue);

}
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g2.drawLine(0, 0, getWidth(), getHeight());
}

private void display() {
JFrame f = new JFrame("GraphPanel");
f.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
f.add(this, BorderLayout. CENTER);
f.add(new ControlPanel(this), BorderLayout.SOUTH);
f.pack();
f.setLocationRelativeTo(null);
f.setVisible(true);

}

public static void main(String[] args) {
EventQueue.invokeLater(new Runnable() {

@Override
public void run() {
new GraphPanel().display();

}
h;

}

class ControlPanel extends JPanel {

public ControlPanel(final GraphPanel gp) {
this.add(new JButton(new AbstractAction("Click") {

@Override
public void actionPerformed(ActionEvent e) {

gp.toggle();
gp.repaint();

K

}
H/End of main class 193 GraphPanel

94 Exercise.Run the previous code. Use Eclipse to correct the warnings.

95 Two buttons. The code from Internet was pretty good to show how to solve
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our problem allowing to control repaint() from a button. Bue need two buttons,
one for previous page and the other for the next page. Can wiifyrthis code to
include two buttons? Our proposal follows:

//Program 195 TwoButtons
/[This program shows how to control repaint()
/lwith two buttons.

import java.awt.BorderLayout;
import java.awt.Color;

import java.awt.Dimension;
import java.awt.EventQueue;
import java.awt.Graphics;

import java.awt.Graphics2D;
import java.awt.RenderingHints;
import java.awt.event.ActionEvent;
import javax.swing.AbstractAction;
import javax.swing.JButton;
import javax.swing.JFrame;
import javax.swing.JPanel;

public class TwoButtons extends JPanel

{

private static final long serialVersionUID = 1L;
private boolean colorFlag;

public TwoButtons()

{
this.setPreferredSize(new Dimension(640, 480));
}
public void toggle()
{
colorFlag = !colorFlag;
}
@Override

protected void paintComponent(Graphics g) {
super.paintComponent(g);
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Graphics2D g2 = (Graphics2D) g;
g2.setRenderingHint(RenderingHints.KEY_ANTIALIASING
RenderingHints.VALUE_ANTIALIAS_ON);
if (colorFlag) {
g2.setColor(Color.red);
} else {
g2.setColor(Color.blue);
}
g2.drawLine(0, 0, getWidth(), getHeight());

}

private void display()
{
JFrame f = new JFrame("twoButtons");
f.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
f.add(this, BorderLayout. CENTER);
f.add(new ControlPanell(this), BorderLayout.SOUTH);
/[f.add(new ControlPanel2(this), BorderLayout.SOUTH);
f.pack();
f.setLocationRelativeTo(null);
f.setVisible(true);

}

public static void main(String[] args) {
EventQueue.invokeLater(new Runnable() {

@Override
public void run() {
new TwoButtons().display();

}
Ok

class ControlPanell extends JPanel {

| **
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private static final long serialVersionUID = 1L;

public ControlPanell(final TwoButtons gp)
{

this.add

(new JButton

(new AbstractAction("Click")

{

| **
*
*/
private static final long serialVersionUID = 1L;

@Override
public void actionPerformed(ActionEvent e)
{
gp.toggle();
gp.repaint();
}
}
)
this.add

(new JButton
(new AbstractAction("Clpppck")

{

| **

*

*/
private static final long serialVersionUID = 1L;
@Override

public void actionPerformed(ActionEvent e)
{

gp.toggle();
gp.repaint();
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)k
}

Y/End of main class 195 TwoButtons

96 Exercise. Run the previous program. Play with the code, say, add a third
button or rename some subunits.

97 Exercise. Merge the idea of Internet with our code in nGramVisor6 to see
whether or not we have a solution although imperfect. Youeapected to suffer

a lot, i.e., you will produce many unviable programs and mathers that are
too crude to offer a hope. At a given moment decide to stoprswdf and ask
yourself: What shall | say to the mania of modern sciencedmtthat Darwinian
Evolution is the unquestionable explanation to every egktite so called parallel
gene transfer?

98 Merging. Let us try to achieve a full fledged program that merges tha ide
of Internet with our code. One of the problems we shall satvihé following:
an abstract button is one that needs no name because it esceiv call. But
when one needs to control the behavior of a button, say, tentakvisible, one
needs to call on its name, an so it needs one. Another probtezasawhen we
decide to conserve, as suggested by Internet assistarcthréad technology: in
that case, everything that can be done in parallel, will be@eldn parallel. The
result is that the output breaks the expected order of eigguasks and so it
appears damaged. To remedy this trouble, one can try reiposig of instructions
or to turn from global variables to the function paradigm:inbs that must be
concatenated serially, must be tied by explicit parameggrethdence.

/[Program 198 nGramVisor9

/IThis program reads a proteome from a file,
/lignores commentaries,

/ldisplays its content in various slides,

/Imakes a graphic report

/laccording to a coloring code.

/In-grams with zero frequency,

/lor with just one event,

/Imight also be reported

/ltogether with a frequency table of frequency ranges.
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/[Feedback information is displayed.

/[The color of the clicked pixel can be read
/lat the SOUTH.

/[To overcome troubles with too heavy graphics,

/lwe cut the great graphic into pieces that could be
/[shown without scrolling while offering the
/lpossibility to navigate along slides.

//So, we add two buttons, one for the next page and
/lthe other for the previous page.

/[Fasta .faa format is required.

import java.awt.BorderLayout;
import java.awt.Color;

import java.awt.Cursor;

import java.awt.Dimension;

import java.awt.EventQueue;

import java.awt.Graphics;

import java.awt.Graphics2D;

import java.awt.RenderingHints;
import java.awt.event.ActionEvent;
import java.awt.event.ActionListener;
import java.awt.event.MouseEvent;
import java.awt.event.MouseListener;
import java.io.BufferedReader;
import java.io.FileReader;

import java.io.lOException;

import java.util. NoSuchElementException;
import java.util.Scanner;

import javax.swing.JButton;
import javax.swing.JFrame;
import javax.swing.JLabel,
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import javax.swing.JPanel;

public class nGramVisor9 extends JPanel

{

private static final long serialVersionUID = 1L;

/IModify them as it pleases you:

/lletters per n-gram

private static int n = 3;

//Width of pixel

private static int widthOfPixel = 10;
/INumber of pixels per row

private static int pixelsPerRow = 50;
private static int pixelsPerPage;

private static int rowsPerPage;
private static int page;

private static int shownPixels;
private static int nPoints;

//Width of frame
private static int widthOfFrame = 1200;
/[Height of frame
private static int heightOfFrame = 800;

/INumber of pixels per page in the vertical direction
private static int usefulPageHeight = 450;

/[Directory where your files are kept into
private static String nameOfFolder =
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"Ihomel/jose/jose/AAjoser/Ciencia/* +

"GenomesComplete/GenomesSample/";
/IName of the species whose proteome is to be analyzed
private static String nameOfFile =
"Arcobacter_L_uid158135.faa";

/[The alphabet conforms to fasta format

/ffor amino acids (.faa extension).

//[Full .faa alphabet:

| *

//[Full .faa alphabet:

private static String Alphabet =
"ABCDEFGHIKLMNPQRSTUVW¥ZX

* [

/[Short .faa alphabet
private static String Alphabet =
"ACDEFGHIKLMNPQRSTVWY";

private static int freqTable[]] = new int[100];
private static int max = O;
private static String titlesFreqTable[] = new String[100]

private static boolean printl = false;
private static boolean print2 = false;

/lnitialization of color variables

private static Color OurColors[ ] = {Color.BLACK,
Color.WHITE, Color.GRAY, Color.BLUE, Color.CYAN,
Color.YELLOW, Color.ORANGE, Color.PINK, Color.RED};
private static String NamesColors[ | = {"BLACK",
"WHITE", "GRAY", "BLUE", "CYAN",

"YELLOW", "ORANGE", "PINK", "RED"}

/llength of the Alphabet
private static int lengthAlf = Alphabet.length();
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/INumber of n-grams
private static int N = (int) Math.pow(lengthAlf, n);

private static boolean counting = true;
private static int numberOfPages =0;
private static boolean go = true;

private static String message = ",

private JLabel label = new JLabel("Click over a pixel");

/lInstantiation of main class
private static nGramVisor9 x = new nGramVisor9();

JFrame f = new JFrame("n-gram visor");

/[[======= End of fundamental parameters

/IConstructor of main class:
/[Primary instructions for initialization
public nGramVisor9()
{
this.setPreferredSize(
new Dimension(widthOfFrame, heightOfFrame));
this.setBackground(Color.white);
/A cursor is chosen
setCursor (Cursor.
getPredefinedCursor(Cursor. CROSSHAIR_CURSOR));

}

private void starter()
{
System.out.printin("n-gram analysis of " + nameOfFile);
System.out.printin("Length of alphabet = "
+ Alphabet.length());
System.out.printin("Number of letters per n-gram = " + n);
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System.out.printin(*Number of n-grams = " + N);
f.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
f.add(this, BorderLayout.BEFORE_FIRST_LINE);
f.add(new buttonPanel3(this), BorderLayout.SOUTH);
f.add(label);

f.pack();

f.setLocationRelativeTo(null);

f.setVisible(true);

MouseWork2 | = new MouseWork2();
f.addMouseListener(l);

rangeTable();

public static void main(String[] args)

{

/[Thread inauguration: assigns second priority to this

EventQueue.invokeLater
(new Runnable()

{
@Override
public void run()
{
new nGramVisor9().starter();
}
}

)i
Y/End of main

/[Draws a page of the great graphic

public static void drawPage(Graphics g2d, int page)
{

shownPixels = page = pixelsPerPage;

/[Control of buttons

if (page <= 0)

{

191
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nGramVisor9.buttonPanel3.previousPage.setEnabled(fa
nGramVisor9.buttonPanel3.nextPage.setEnabled(true);

}

f (page >= numberOfPages)

{

nGramVisor9.buttonPanel3.previousPage.setEnabled(tr
nGramVisor9.buttonPanel3.nextPage.setEnabled(false)

}

if ((page >= 0) & (page <=numberOfPages)) go = true;

else go = false;

if (numberOfPages == 0)

{

nGramVisor9.buttonPanel3.previousPage.setEnabled(fa
nGramVisor9.buttonPanel3.nextPage.setEnabled(false)

}

/[Page is displayed
for (int j = 0; (j < rowsPerPage) & go; j++)

{

{

for (int i = 0; (i < pixelsPerRow) & go; i++)

int index = page * pixelsPerPage +

j * pixelsPerRow + i;

int range = classification(index);

if

(print1)

System.out.printin(index = " + index + " range ="

+ range + "Frequency " + freql.F[index]);

g2d.setColor(OurColors[range));

/IPixel is drawn

g2d.filloval( i * widthOfPixel, | * widthOfPixel,

if

widthOfPixel, widthOfPixel );
(shownPixels >= nPoints-1) go = false;

shownPixels = shownPixels+1;

}

CHAPTER 4. APPLICATION TO PROTEOMES

Ise);

ue);

Ise);
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/[Drawing tool
//Second method to be executed and
/then on always ready to get into action.
/[The vector of frequencies is displayed in
/lgraphic form according to a coloring code.
@Override //Repainting is allowed
protected void paintComponent(Graphics g)
{
super.paintComponent(g);
Graphics2D g2d = (Graphics2D) g;
/[Embellishment
g2d.setRenderingHint(RenderingHints. KEY_ANTIALIASIN G,
RenderingHints.VALUE_ANTIALIAS_ON);

drawPage(g2d, page);

//Specifications for the frequency table
public static void definitions()

{

tittesFreqTable[0] = "freq = 0"
titlesFreqTable[1] = "freq = 1"

tittesFreqTable[2] = " 1 < freq < " + max/7,

titlesFreqTable[3] = max/7 + " <= freq < " + 2 *max/7;
tittesFreqTable[4] = 2 *max/7 + " <= freq <" + 3 *max/7;
tittesFreqTable[5] = 3 *max/7 + " <= freq <" + 4 * max/7;
tittesFreqTable[6] = 4 *max/7 + " <= freq <"+ 5 +=max/7;
titlesFreqTable[7] = 5 *max/7 + " <= freq <" + 6 *max/7;
tittesFreqTable[8] = 6 *max/7 + " <= freq <= " + max;

}

//Assigns a frequency range to the n-gram
/lgiven by index.

//Builds the frequency table by ranges.
/lcounting is a boolean flag for counting
public static int classification(int index)

{
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int rangeNumber = -1;

/[Colors are assigned according to frequency
if ( freql.F[index] == 0)

{

if (counting) freqTable[0]++;
[ = System.out.printin(index + "
+ indexInverse(n, index));
*/
rangeNumber = 0;

}

if ( freql.F[index] == 1)
{
if (counting) freqTable[1]++;
/ = System.out.printin(index + "
+ indexinverse(n, index));
*/
rangeNumber = 1;

}

if (( freql.F[index] > 1) &
( freql.F[index] < max/7))
{
if (counting) freqTable[2]++;
rangeNumber = 2;
}
if (( freql.F[index] >= max/7) &
( freql.F[index] < 2 * max/7))
{
if (counting) freqTable[3]++;
rangeNumber = 3;
}
if (( freql.F[index] >= 2 * max/7) &
( freql.F[index] < 3 * max/7))
{
if (counting) freqTable[4]++;
rangeNumber = 4;
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}
if (( freql.F[index] >= 3 *max/7) &
( freql.F[index] < 4 * max/7))
{

if (counting) freqTable[5]++;
rangeNumber = 5;

}
if (( freql.F[index] >= 4 *max/7) &
( freql.F[index] < 5 * max/7))
{

if (counting) freqTable[6]++;
rangeNumber = 6;
}

if (( freql.F[index] >= 5 * max/7) &
( freql.F[index] < 6 * max/7))
{
if (counting) freqTable[7]++;
rangeNumber = 7;
}

if (( freql.F[index] >= 6 *max/7) &

( freql.F[index] <= max))
{
if (counting) freqTable[8]++;
rangeNumber = 8;

}

return rangeNumber;

}

/[Frequency table is reported
public static void report(int max)

{

System.out.printin("Frequency table of " + " " + n
+ "-grams");
for(int j = 0; ] < 9; j++)
System.out.printin + " " + freqTable[j]
+ " for range " + titlesFreqTablelj]
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+ " " + NamesColors[j]);
/[Test
int sumNGrams = 0;
for(int j = 0; j < 9; j+4)
sumNGrams = sumNGrams + freqTable][j];
System.out.printin("Sum = " + sumNGrams + " " + n
+ "-grams");

/[Frequencies are grouped in ranges
public static void rangeTable()

{
try
{
/In-gram frequencies are found and kept in freql
findFrequencies();

}
catch (IOException e)

{
e.printStackTrace();

}
max = findMax(freql);
definitions();

System.out.printin("Frequency scale goes from 0 to "
+ max + "\nCode for intensity from less to" +

more frequency: \n black (absence), " +

"white (freq = 1), gray, blue, cyan, yelow," +

orange, pink, red");

n

nPoints = freql.F.length;

for (int index = 0; (index < nPoints) & go; index++)
{
int range = classification(index);
if (printl)
System.out.printin(index = " + index + " range ="
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+ range + "Frequency " + freql.F[index]);

}

/[Counting of frequencies must be done just once
counting = false;
report(max);

//Machine for reading from hard disc
private static Scanner input;

//Path to file
private static String path = nameOfFolder + nameOfFile;

private static StringBuffer proteome =
new StringBuffer(");

/[======= Inner class intVector ========
/[This inner class defines a vector with
/linteger numbers as a new type
private class intVectorll
{
int L = (int) Math.pow(lengthAlf, n);
int F[] = new int[L];

/IAn instance of intVector can be
//initialized in various ways:

/IAutomatic zeroed initialization
intVectorll( )
{
for(int i = 0; i < L; i++)
F[i] = 0;
}
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}lend of class intVector

private static intVectorll freql
= x.new intVectorll();

/[Frequencies of n-grams are calculated

public static void findFrequencies() throws IOException
{

proteome = readData(path);

rowsPerPage = usefulPageHeight/widthOfPixel;
pixelsPerPage = rowsPerPage * pixelsPerRow;
nPoints = freql.F.length;

numberOfPages = nPoints/pixelsPerPage;

if (numberOfPages * pixelsPerPage == nPoints)
numberOfPages--;

System.out.printin("Number of pages = " + numberOfPages);

System.out.printin("length of proteome =
+ proteome.length());
freql = nGramsFrequency(n, proteome);
if (print2)
{
System.out.printin(proteome);
System.out.printin("Index, n-gram, and frequency");
for(int i = 0; i < freql.F.length; i++)
System.out.printin(i + "t" + indexInverse(n, i)

+ "\t" + freql.F[i]);
}
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/I We read record from file

public static StringBuffer readData(String path)
throws |OException

{

StringBuffer text = new StringBuffer(™);

/ltry and catch gates

try

{

FileReader fr = new FileReader(path);
BufferedReader br = new BufferedReader(fr);
String s = "

while((s = br.readLine()) != null)

{

/IFiltering of first line of each subsequence
if (s.charAt(0) !'= "> )

{

//System.out.println(s);

text = text.append(s);

}
}

fr.close();

}

catch ( NoSuchElementException elementException )
{

System.err.printin( "File is corrupted.” );
input.close();

System.exit( 1 );

}

catch ( lllegalStateException stateException )
{

System.err.printin( "Reading aborted." );
System.exit( 1 );

}

return text;

}
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/[Returns the index  of ngram in F[] vectors.

/[An n-gram is a string with n chars taken from Alphabet.
/[Take it as a number in base = length of the Alphabet.
/[The index is that number in base 10.

private static int index(int n, String ngram)

{

char c1 ="' "

int p = 0;

int ind = 0O;

boolean correct = true;

for(int i = 0; (i <n) & correct; i++)

{

cl = ngram.charAt(i);

p = Alphabet.indexOf(cl);

if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else

{

ind = -1;

/IDetecting the presence of an alien symbol
correct = false;
System.out.printin("Alien : " + p);

}

}

if (printl)

System.out.printin( "ngram = " + ngram + " index = "
+ ind);

return ind;

}

/IReturns the n-gram corresponding to index ind
/[This is the inverse operation of index()
private static String indexIinverse(int n, int ind)

{

char c1 = 7

int p = 0;

String ngram = "
int kK = 0;

int indl = ind;
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//System.out.printin("'n = " + n);

for(int i = n-1; i > -1; i--)

{

//System.out.printin(" #xx  \nlndex = " + indl);

k = ( int ) (Math.pow(lengthAlf, i));
//System.out.printin("k = " + Kk);

if( k <= indl)

{

p = indl / k;

/ISystem.out.printin("p = " + p);

if (p < Alphabet.length())

cl = Alphabet.charAt(p);

indl = indl - p *K;

}

else c1 = Alphabet.charAt(0);

//System.out.printin("cl = " + cl);

ngram = ngram+cl ;

}

if (printl)

System.out.printin( "ngram = " + ngram +
" index =" + ind);

return ngram;

}

| *

This procedure records in F the

frequency of appearance of n-grams in the given Text.

Each n-gram is given an index, a number that

identifies it in the vector F.

At the beginning, every entry of F is set to O.

The index of each n-gram of the Text is

calculated and the corresponding entry in F is

incremented by one.

* |

private static intVectorll nGramsFrequency(int n,
StringBuffer Text)
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{

/[Zeroed initialization
intVectorll F = x.new intVectorll();
int nText = Text.length();

System.out.printin("Length of working text = " + nText);
int start = 0O;

int ind = 0;

for(int c=0; ¢ < nText-n+1; c++)

{

String ngram = Text.substring(start, start+n);

ind = index(n,ngram);

/lif a given char of an n-gram is not in
/lthe alphabet, its index is negative:
/lyou must enlarge the alphabet else ignore it.
//We ignore it.

if (ind >= 0)

F.F[ind] = F.F[ind] + 1;

start = start +1;

}

findMax(freql);

return F;

}

/IMaximal frequency is found

private static int findMax(intVectorll freql)
{

int max = O;

for(int i = 0; i< freql.F.length; i++)

if (freql.F[i] > max ) max = freql.FJi];
return max;

[|[==========Mouse methods = ==== ==

public class MouseWork2 implements MouseListener

{

public void mouseClicked( MouseEvent event )

{
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/ISystem.out.printin(event.getX()+ " " + event.getY());
int i = (int) Math.floor(event.getX()/widthOfPixel);
/128 = Interference from label
int j = (int) Math.floor((event.getY()-28)/widthOfPixel
int index = page * pixelsPerPage +

j * pixelsPerRow + i;
int freq = freql.F[index];
/lcounting = false;
int range = classification(index);
String nameOfColor = NamesColors[range];
String nGram = indexlnverse(n,index);
message = String.format(

"Clicked at [%d, %d]," +
" Page = %d," +

" index = %d, freq = %d, n-gram = %s, %s",

i, J, page, index, freq, nGram, nameOfColor);
label.setText(message);

}

public void mousePressed( MouseEvent event }{ }
public void mouseReleased( MouseEvent event ){ }
public void mouseEntered( MouseEvent event ){ }
public void mouseMoved( MouseEvent event }{ }
public void mouseDragged( MouseEvent event }{ }
public void mouseExited( MouseEvent event ){ }

W/End of inner class MouseWork

//Buttons are implemented
static class buttonPanel3 extends JPanel

{

private static final long serialVersionUID = 1L;
final static JButton previousPage =

new JButton("Previous

203
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final static JButton nextPage = new JButton("Next page");
/[Constructor
public buttonPanel3(final nGramVisor9 v)

{

/[Button = previous page

this.add(previousPage);
previousPage.addActionListener(new ActionListener()

{

public void actionPerformed(ActionEvent e)
{
nGramVisor9.page--;

v.repaint();

if (page <= 0)

{
previousPage.setEnabled(false);
nextPage.setEnabled(true);
go = false;

}

else

{
previousPage.setEnabled(true);
go = true;

}

}
D

//[Button = next page

this.add(nextPage);
nextPage.addActionListener(new ActionListener()

{

public void actionPerformed(ActionEvent e)
{
nGramVisor9.page++;
v.repaint();
if (page >= numberOfPages)
{
nextPage.setEnabled(false);
previousPage.setEnabled(true);
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go = false;

}
else

{

nextPage.setEnabled(true);
previousPage.setEnabled(true);
go = true;

}
h;

Y/End of constructor of buttonPanel3
Y/End of inner class buttonPanel3
Y/End of class | 98 nGramVisor9

99 Exercise. Run the previous program and play with the code. Verify tharcl
of the Author that it is correctly designed and makes whatistmotherwise, write
to the Author.

100 Looking for perfection. Let us notice that the previous program, nGramVi-
sor9, is for 4-grams 5 times slower than the former versiomam@/isor5. Let us
devise a correct and efficient application. The code foltows

/[Program 1100 nGramVisoralO

/[This program reads a proteome from a file,
/lignores commentaries,

//makes a graphic report

/laccording to a coloring code.

/In-grams with zero frequency,

/lor with just one event,

//might also be reported

/ltogether with a frequency table of frequency ranges.
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/I[Feedback information is displayed.

/IThe color of the clicked pixel can be read
/lat the SOUTH.

/[To overcome troubles with too heavy graphics,

/lwe cut the great graphic into pieces that could be
/[shown without scrolling while offering the
/Ipossibility to navigate along slides.

//So, we add two buttons, one for the next page and
/lthe other for the previous page.

/[Fasta .faa format is required.

import java.awt.BorderLayout;
import java.awt.Color;

import java.awt.Cursor;

import java.awt.Dimension;

import java.awt.EventQueue;

import java.awt.Graphics;

import java.awt.Graphics2D;

import java.awt.RenderingHints;
import java.awt.event.ActionEvent;
import java.awt.event.ActionListener;
import java.awt.event.MouseEvent;
import java.awt.event.MouseListener;
import java.io.BufferedReader;
import java.io.FileReader;

import java.io.lOException;

import java.util.NoSuchElementException;
import java.util.Scanner;

import javax.swing.JButton;
import javax.swing.JFrame;
import javax.swing.JLabel,
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import javax.swing.JPanel,

public class nGramVisoral0 extends JPanel

{

private static final long serialVersionUID = 1L;

//Modify them as it pleases you:

/lletters per n-gram

private static int n = 5;

//Width of pixel

private static int widthOfPixel = 1;
//Number of pixels per row

private static int pixelsPerRow = 500;
private static int pixelsPerPage;

private static int rowsPerPage;
private static int page;

private static int shownPixels;
private static int nPoints;

//Width of frame
private static int widthOfFrame = 1200;
/[Height of frame
private static int heightOfFrame = 800;

/INumber of pixels per page in the vertical direction
private static int usefulPageHeight = 500;

/[Directory where your files are kept into

private static String nameOfFolder =
"Ihome/jose/jose/AAjoser/Ciencial" +
"GenomesComplete/GenomesSample/";

//Name of the species whose proteome is to be analyzed
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private static String nameOfFile =
"Arcobacter L uid158135.faa";

/[The alphabet conforms to fasta format

[l[for amino acids (.faa extension).

/[Full .faa alphabet:

| *

/[Full .faa alphabet:

private static String Alphabet =
"ABCDEFGHIKLMNPQRSTUVW¥ZX

*/

//Short .faa alphabet
private static String Alphabet =
"ACDEFGHIKLMNPQRSTVWY";

private static int freqTable[]] = new int[100];
private static int max = O;
private static String titlesFreqTable[] = new String[100]

false;
false;

private static boolean printl
private static boolean print2

/lInitialization of color variables

private static Color OurColors[ ] = {Color.BLACK,
Color.WHITE, Color.GRAY, Color.BLUE, Color.CYAN,
Color.YELLOW, Color.ORANGE, Color.PINK, Color.RED};
private static String NamesColors[ ] = {"BLACK",
"WHITE", "GRAY", "BLUE", "CYAN",

"YELLOW", "ORANGE", "PINK", "RED"};

/llength of the Alphabet
private static int lengthAlf = Alphabet.length();

/INumber of n-grams
private static int N = (int) Math.pow(lengthAlf, n);
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private static boolean counting = true;
private static int numberOfPages =0;
private static boolean go = true;

private static String message = ",

private JLabel label = new JLabel("Click over a pixel™);

/linstantiation of main class
private static nGramVisoral0 x = new nGramVisoralO();

JFrame f = new JFrame("n-gram visor");

[[======= End of fundamental parameters

/[Constructor of main class:
/[Primary instructions for initialization
public nGramVisoral0()
{
this.setPreferredSize(
new Dimension(widthOfFrame, heightOfFrame));
this.setBackground(Color.white);
/A cursor is chosen
setCursor (Cursor.
getPredefinedCursor(Cursor. CROSSHAIR_CURSOR));

}

private void starter()
{
System.out.printin("n-gram analysis of " + nameOfFile);
System.out.printin("Length of alphabet = "

+ Alphabet.length());
System.out.printin("Number of letters per n-gram = " + n);
System.out.printin(*Number of n-grams = " + N);
f.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
f.add(this, BorderLayout.BEFORE_FIRST_LINE);
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f.add(new buttonPanel4(this), BorderLayout.SOUTH);
f.add(label);

f.pack();

f.setLocationRelativeTo(null);

f.setVisible(true);

MouseWork2 | = new MouseWork2();
f.addMouseListener(l);

rangeTable();

public static void main(String[] args)

{

/[Thread inauguration: assigns second priority to this
EventQueue.invokeLater
(new Runnable()

{
@Override
public void run()
{
new nGramVisoralO().starter();
}
}

);
M/IEnd of main

/[Draws a page of the great graphic

public static void drawPage(Graphics g2d, int page)
{

shownPixels = page =*pixelsPerPage;

//buttons’ housekeeping

if (page <= 0)

{

nGramVisoralO.buttonPanel4.previousPage.setEnabled( false);
nGramVisoral0.buttonPanel4.nextPage.setEnabled(true );

}



4.2. PROTEIN SEQUENCES FROM INTERNET

if (page >= numberOfPages)
{
nGramVisoralO.buttonPanel4.previousPage.setEnabled(
nGramVisoralO.buttonPanel4.nextPage.setEnabled(fals
}
if ((page >= 0) & (page <=numberOfPages)) go = true;
else go = false;

if (numberOfPages == 0)

{
nGramVisoralO.buttonPanel4.previousPage.setEnabled(
nGramVisoralO.buttonPanel4.nextPage.setEnabled(fals

}

/[Page is displayed
for (int ] = 0; (j < rowsPerPage) & go; j++)
{
for (int i = 0; (i < pixelsPerRow) & go; i++)
{

int index = page * pixelsPerPage +
| * pixelsPerRow + i;
int range = classification(index);
if (printl)
System.out.printin(index = " + index + " range ="
+ range + "Frequency " + freql.F[index]);

g2d.setColor(OurColors[range]);
/[Pixel is drawn
g2d.filloval( i *widthOfPixel, | * widthOfPixel,
widthOfPixel, widthOfPixel );
if (shownPixels >= nPoints-1) go = false;
shownPixels = shownPixels+1,

}
}

}

/[Drawing tool
//Second method to be executed and
/then on always ready to get into action.

211
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false);



212 CHAPTER 4. APPLICATION TO PROTEOMES

/IThe vector of frequencies is displayed in
/lgraphic form according to a coloring code.
@Override //Repainting is allowed
protected void paintComponent(Graphics Q)
{

super.paintComponent(g);

Graphics2D g2d = (Graphics2D) g;

//Embellishment = clogging code
if (n==3)
g2d.setRenderingHint(RenderingHints.KEY_ANTIALIASIN G,

RenderingHints.VALUE_ANTIALIAS_ON);

drawPage(g2d, page);

/[Specifications for the frequency table
public static void definitions()

{

tittesFreqTable[0] = "freq = 0"
tittesFreqTable[1] = "freq = 1"

titlesFreqTable[2] = " 1 < freqg < " + max/7;

titlesFreqTable[3] = max/7 + " <= freq < " + 2 *max/7;
titlesFreqTable[4] = 2 *max/7 + " <= freq <" + 3 *max/7;
tittesFreqTable[5] = 3 *max/7 + " <=freq <" + 4 * max/7;
titlesFreqTable[6] = 4 *max/7 + " <= freq <" + 5 +max/7,
titlesFreqTable[7] = 5 *max/7 + " <= fre@q <" + 6 *max/7;
titlesFreqTable[8] = 6 *max/7 + " <= freq <= " + max;

}

//Assigns a frequency range to the n-gram
/lgiven by index.

//Builds the frequency table by ranges.
/lcounting is a boolean flag for counting
public static int classification(int index)

{

int rangeNumber = -1;

/[Colors are assigned according to frequency
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if ( freql.F[index] == 0)
{

if (counting) freqTable[0]++;
/ = System.out.printin(index + "
+ indexInverse(n, index));
*/
rangeNumber = 0;

}

if ( freql.F[index] == 1)
{
if (counting) freqTable[1]++;
[ = System.out.printin(index + "
+ indexinverse(n, index));
*/
rangeNumber = 1;

}

if (( freql.F[index] > 1) &
( freql.F[index] < max/7))
{
if (counting) freqTable[2]++;
rangeNumber = 2;
}
if (( freql.F[index] >= max/7) &
( freql.F[index] < 2 * max/7))
{
if (counting) freqTable[3]++;
rangeNumber = 3;
}
if (( freql.F[index] >= 2 * max/7) &
( freql.F[index] < 3 * max/7))
{
if (counting) freqTable[4]++;
rangeNumber = 4;

}
if (( freql.F[index] >= 3 *max/7) &
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( freql.F[index] < 4 * max/7))
{
if (counting) freqTable[5]++;
rangeNumber = 5;

}
if (( freql.F[index] >= 4 *max/7) &
( freql.F[index] < 5 * max/7))
{

if (counting) freqTable[6]++;
rangeNumber = 6;
}

if (( freql.F[index] >= 5 * max/7) &
( freql.F[index] < 6 * max/7))
{
if (counting) freqTable[7]++;
rangeNumber = 7;
}

if (( freql.F[index] >= 6 *max/7) &

( freql.F[index] <= max))
{
if (counting) freqTable[8]++;
rangeNumber = 8;

}

return rangeNumber;

}

/[Frequency table is reported
public static void report(int max)

{

System.out.printin("Frequency table of " + " " + n
+ "-grams");
for(int j = 0; j < 9; j++)
System.out.printin(j + " " + freqTable[j]
+ " for range " + titlesFreqTable[j]
+ " " + NamesColorslj]);
l[Test
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int sumNGrams = O;

for(int j = 0; j < 9; j++)
sumNGrams = sumNGrams + freqTablelj];
System.out.printin("Sum = " + sumNGrams + " " + n
+ "-grams"),
}

/[Frequencies are grouped in ranges
public static void rangeTable()

{
try
{

/In-gram frequencies are found and kept in freql
findFrequencies();

}
catch (IOException €)

{
e.printStackTrace();

}
max = findMax(freql);
definitions();

System.out.printin("Frequency scale goes from 0 to
+ max + "\nCode for intensity from less to" +
" more frequency: \n black (absence), " +
"white (freq = 1), gray, blue, cyan, yelow," +
" orange, pink, red");

nPoints = freql.F.length;

for (int index = 0; (index < nPoints) & go; index++)

{

int range = classification(index);

if (printl)

System.out.printin(index = " + index + " range ="

+ range + "Frequency " + freql.F[index]);
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}

/[Counting of frequencies must be done just once
counting = false;
report(max);

//Machine for reading from hard disc
private static Scanner input;

//Path to file
private static String path = nameOfFolder + nameOfFile;

private static StringBuffer proteome =
new StringBuffer("™);

/[======= Inner class intVector ========
/[This inner class defines a vector with
/linteger numbers as a new type
private class intVectorll
{
int L = (int) Math.pow(lengthAlf, n);
int F[] = new int[L];

/IAn instance of intVector can be
/finitialized in various ways:

/IAutomatic zeroed initialization
intVectorll( )
{
for(int i = 0; i < L; i++4)
F[i] = 0;
}

Ylend of class intVector
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private static intVectorll freql
= X.new intVectorll();

/[Frequencies of n-grams are calculated

public static void findFrequencies() throws IOException
{

proteome = readData(path);

rowsPerPage = usefulPageHeight/widthOfPixel;
pixelsPerPage = rowsPerPage * pixelsPerRow;
nPoints = freql.F.length;

numberOfPages = nPoints/pixelsPerPage;

if (numberOfPages * pixelsPerPage == nPoints)

numberOfPages--;
System.out.printin("Number of pages =
System.out.printin("length of proteome =
+ proteome.length());
freql = nGramsFrequency(n, proteome);
if (print2)
{
System.out.printin(proteome);
System.out.printin("Index, n-gram, and frequency");
for(int i = 0; i < freql.F.length; i++)
System.out.printin(i + "\t" + indexInverse(n, i)

+ "t" + freql.F[i]);

+ numberOfPages);

}

217
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/I We read record from file

public static StringBuffer readData(String path)
throws 10OException

{

StringBuffer text = new StringBuffer(");

/Itry and catch gates

try

{

FileReader fr = new FileReader(path);
BufferedReader br = new BufferedReader(fr);
String s = "

while((s = br.readLine()) !'= null)

{

/[Filtering of first line of each subsequence
if (s.charAt(0) I= '>’ )

{

/ISystem.out.printIn(s);

text = text.append(s);

}

}

fr.close();

}

catch ( NoSuchElementException elementException )
{

System.err.printin( "File is corrupted." );
input.close();

System.exit( 1 );

}

catch ( lllegalStateException stateException )
{

System.err.printin( "Reading aborted." );
System.exit( 1 );

}

return text;

}

/[Returns the index  of ngram in F[] vectors.
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/[An n-gram is a string with n chars taken from Alphabet.
/[Take it as a number in base = length of the Alphabet.
/[The index is that number in base 10.

private static int index(int n, String ngram)

{

char c1 ="' "

int p = 0;

int ind = O;

boolean correct = true;

for(int i = 0; (i <n) & correct; i++)

{

cl = ngram.charAt(i);

p = Alphabet.indexOf(cl);

it (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else

{

ind = -1;

/[Detecting the presence of an alien symbol
correct = false;
System.out.printin("Alien : " + p);

}

}

if (printl)

System.out.printin( "ngram = " + ngram + " index = "
+ ind);

return ind;

}

/IReturns the  n-gram corresponding to index ind
/[This is the inverse operation of index()
private static String indexIinverse(int n, int ind)

{

char c1 ="

int p = 0;

String ngram = "
int k = 0;

int indl = ind;

[[System.out.printin("n = " + n);
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for(int i = n-1; i > -1; i--)

{

[ISystem.out.printin(" xx \nlndex = " + indl);
k = ( int ) (Math.pow(lengthAlf, i));
[ISystem.out.printin("k = " + K);

if( kK <= indl)

{

p = indl / k;

/ISystem.out.printin("p = " + p);
if (p < Alphabet.length())
cl = Alphabet.charAt(p);

indl = indl - p *K;

}

else ¢l = Alphabet.charAt(0);

[ISystem.out.printin("cl = " + cl);

ngram = ngram+cl ;

}

if (printl)

System.out.printin( "ngram = " + ngram +
" index = " + ind);

return ngram;

}

| *

This procedure records in F the

frequency of appearance of n-grams in the given Text.

Each n-gram is given an index, a number that

identifies it in the vector F.

At the beginning, every entry of F is set to O.

The index of each n-gram of the Text is

calculated and the corresponding entry in F is

incremented by one.

*/

private static intVectorll nGramsFrequency(int n,
StringBuffer Text)

{

/IZeroed initialization
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intVectorll F = x.new intVectorll();
int nText = Text.length();

System.out.printin("Length of working text = " + nText);
int start = O;

int ind = O;

for(int c=0; ¢ < nText-n+1; c++)

{

String ngram = Text.substring(start, start+n);

ind = index(n,ngram);

/lit a given char of an n-gram is not in
/lthe alphabet, its index is negative:
/lyou must enlarge the alphabet else ignore it.
//We ignore it.

if (ind >= 0)

F.F[ind] = F.F[ind] + 1;

start = start +1,

}

findMax(freql);

return F;

}

/IMaximal frequency is found

private static int findMax(intVectorll freql)
{

int max = O;

for(int i = 0; i< freql.F.length; i++)

if (freql.F[i] > max ) max = freql.F]i];
return max;

public class MouseWork2 implements MouseListener

{

public void mouseClicked( MouseEvent event )

{
/ISystem.out.printin(event.getX()+ " " + event.getY());

int i = (int) Math.floor(event.getX()/widthOfPixel);
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/128 = Interference from label
int j = (int) Math.floor((event.getY()-28)/widthOfPixel
int index = page * pixelsPerPage +

j * pixelsPerRow + i;
int freq = freql.F[index];
/lcounting = false;
int range = classification(index);
String nameOfColor = NamesColors[range];
String nGram = indexlnverse(n,index);
message = String.format(

"Clicked at [%d, %d]," +
" Page = %d," +

" index = %d, freq = %d, n-gram = %s, %s",

i, j, page, index, freq, nGram, nameOfColor);
label.setText(message);

}

public void mousePressed( MouseEvent event }{ }
public void mouseReleased( MouseEvent event ){ }
public void mouseEntered( MouseEvent event ){ }
public void mouseMoved( MouseEvent event }{ }
public void mouseDragged( MouseEvent event }{ }
public void mouseExited( MouseEvent event ){ }

Y/End of inner class MouseWork

/[Buttons are implemented
static class buttonPanel4 extends JPanel

{

private static final long serialVersionUID = 1L;
final static JButton previousPage =

new JButton("Previous page");
final static JButton nextPage = new JButton("Next page");
//Constructor
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public buttonPanel4(final nGramVisoralO v)

{

/[Button = previous page

this.add(previousPage);
previousPage.addActionListener(new ActionListener()

{

public void actionPerformed(ActionEvent e)
{
nGramVisoralO.page--;
v.repaint();
if (page <= 0)
{
previousPage.setEnabled(false);
nextPage.setEnabled(true);
go = false;
}

else

{

previousPage.setEnabled(true);
go = true;
}

}
Ok

//[Button = next page

this.add(nextPage);
nextPage.addActionListener(new ActionListener()

{

public void actionPerformed(ActionEvent e)
{
nGramVisoralO.page++;
v.repaint();
if (page >= numberOfPages)
{
nextPage.setEnabled(false);
previousPage.setEnabled(true);
go = false;

}
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else

{

nextPage.setEnabled(true);
previousPage.setEnabled(true);
go = true;

}
IOk

Y/End of constructor of buttonPanel3
Y/End of inner class buttonPanel3

Y/End of class 1100 nGramVisoralO

101 Exercise. Run the program and play with the code.

4.3 Proteomes synthesized at random

Why proteomes are as they are? The first theory that we musidewns that they
exist because they are the result of random concatenatiteitefs from a given
alphabet.

102 Exercise. Add to the previous program nGramVisoralO the possibility t
synthesize a proteome with letters concatenated at random.

103 The advantage of relative frequencies.

We have witnessed that working with absolute frequencies-@fams causes
table frequencies and n-gram charts to depend on the lefig§mthesized text.
This flaw must be remedied with the introduction of relativeguencies. But we
have a problem: must we divide the absolute frequency of engindex by the
possible number of n-grams or by the length of the analyzetkpme or by what.

To get independence of the length of analyzed text or proteeemust divide
by the number of n-grams contained in the text. We immediaet that relative
frequencies add to one.
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Next, n-grams charts are a kind of art that is difficult to iptet because chart
appearance depends directly on the order of consideredoaawids and on the
width of displaying frame. So, the importance of the moredfamental frequency
table is of first rank. Let us explore its use as a tool to compao proteomes.

104 Turning to relative frequencies. In view of the flaws due to absolute fre-
quencies, let us turn to relative ones to check whether owaatan safely compare
two proteomes, be they natural or synthetic.

| *
Program 1104 twoFreqtables

This program calculates the  frequency tables
of n-grams of two true proteomes and

other two that are synthetic

and displays the corresponding graphics.

True proteomes are read from a file,

Fasta .faa format is required.

False proteomes are synthesized by random concatenation
of the letters of a given alphabet,

the length of the first one is equal to

the length of the fist real proteome

and likewise with the second.

Relative frequencies result from dividing
absolutes frequencies by the number of n-grams
that are contained in the studied proteome.

In that way, relative frequencies add up to one
and are independent of the length of the text.

Relative frequencies are classified by ranges
and in this way we get the frequency tables

whose bar charts are displayed.

*/
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import java.awt.BorderLayout;
import java.awt.Color;

import java.awt.Cursor;

import java.awt.Dimension;
import java.awt.EventQueue;
import java.awt.Graphics;
import java.awt.Graphics2D,;
import java.awt.RenderingHints;

import java.io.BufferedReader;

import java.io.FileReader;

import java.io.lOException;

import java.util.NoSuchElementException;
import java.util.Random;

import java.util.Scanner;

import javax.swing.JFrame;
import javax.swing.JLabel;
import javax.swing.JPanel;

public class twoFreqTables extends JPanel

{

private static final long serialVersionUID = 1L;

[[=====Modify them as it pleases you====

/lletters per n-gram
private static int n = 2;

/[IWidth of frame
private static int widthOfFrame = 1200;
/[Height of frame
private static int heightOfFrame = 800;

/IWidth of bars in bar chart
private static int widthOfBar = 50;
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/[Directory where your files are kept into

private static String nameOfFolder =
"Ihome/jose/jose/AAjoser/Ciencial" +
"GenomesComplete/GenomesSample/";

//Names of two species whose proteomes are to be compared

private static String nameOfFilel =

"Arcobacter L uid158135.faa";

private static String nameOfFile2 =

"Zymomonas_mobilis ATCC_ 10988 uid55403.faa";

private static String nameOfFile3 =

"Synthetic-1";

private static String nameOfFile4 =

"Synthetic-2";

[ *The alphabet conforms to fasta format
for amino acids (.faa extension).

/[Full .faa alphabet:

private static String Alphabet =
"ABCDEFGHIKLMNPQRSTUVW¥ZX

*/

//Short .faa alphabet

private static String Alphabet =
"ACDEFGHIKLMNPQRSTVWY";

private static String titlesFreqTable[] = new String[100]

false;
false;

private static boolean printl
private static boolean print2

/lInitialization of color variables
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private static Color OurColors[ ] =
{Color.BLACK, Color.BLUE, Color.CYAN, Color.GRAY,
Color.GREEN, Color.MAGENTA, Color.ORANGE,
Color.PINK, Color.RED, Color.YELLOW,
Color.black, Color.blue, Color.cyan, Color.gray,
Color.green, Color.magenta, Color.orange,
Color.PINK, Color.RED, Color.WHITE, Color.YELLOW};
private static String NamesColors[ | =
{"BLACK","BLUE", "CYAN","GRAY",
"GREEN", "MAGENTA", "ORANGE",
"PINK", "RED", "YELLOW",
"black”, "blue", "cyan", "gray",
"green”, "magenta"”, "orange",
"pink", "red", "white", "yellow"};

/llength of the Alphabet
private static int lengthAlf = Alphabet.length();

//INumber of n-grams
private static int N = (int) Math.pow(lengthAlf, n);

private static JLabel label = new JLabel("TTTT");

/IMachine for reading from hard disc
private static Scanner input;

/[Path to file
private static String pathl = nameOfFolder + nameOfFilel;
private static String path2 = nameOfFolder + nameOfFile2;
/[Proteomes: two real, two synthetic
private static StringBuffer proteomel =
new StringBuffer(");

private static StringBuffer proteome2 =

new StringBuffer("™);
private static StringBuffer proteome3

new StringBuffer("™);
private static StringBuffer proteome4

new StringBuffer(");
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/IVectors to keep relative frequencies
private static double[]] freql
= new double[N] ;

private static double[] freq2

= new double[N];
private static double[]] freq3

= new double[N];
private static double[]] freq4

= new double[N];
//Maximal values of freg-ith vectors
private static double maxl, max2, max3, max4;
//Global maximal value = the greatest max
private static double max;
private static int nMarks;
private static double delta;

/[Frequencies are classified by ranges

private static int freqTablel[]] = new int[100];
private static int freqTable2[]] = new int[100];
private static int freqTable3[] = new int[100];
private static int freqTable4[] = new int[100];

//Generator of random numbers
private static Random r = new Random();

JFrame f = new JFrame(
"Relative frequency tables of two proteomes");

[[======= End of fundamental parameters

//IConstructor of main class:

/[Primary instructions for initialization

public twoFreqTables()

{
this.setPreferredSize(

new Dimension(widthOfFrame, heightOfFrame));
this.setBackground(Color.white);

229
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/A cursor is chosen
setCursor (Cursor.
getPredefinedCursor(Cursor. CROSSHAIR_CURSOR));

}

/[This i how the application begins
private void starter() throws IOException
{
System.out.printin("Comparative n-gram analysis of \n"
+ nameOfFilel + "\n and \n"
+ nameOfFile2 + "\n");
System.out.printin("Length of alphabet = "

+ Alphabet.length());
System.out.printin("Number of letters per n-gram = " + n);
System.out.printin("Number of possible n-grams = " + N);
f.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
f.add(this, BorderLayout.BEFORE_FIRST_LINE);
f.add(label);
f.pack();
f.setLocationRelativeTo(null);
f.setVisible(true);

/[Proteomes are read from files or are synthesized
readProteomes();

//All the work is done

study();

public static void main(String[] args)

{

/[Thread inauguration: assigns second priority to this
EventQueue.invokeLater
(new Runnable()
{
@Override
public void run()

{
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try {
new twoFreqgTables().starter();

} catch (IOException e) {
e.printStackTrace();

}
}
}
);

Y/End of main

/[Draws bar charts
private static void drawCharts(Graphics g2d)
{
int xo = 10;
int yo = 120;
int maxHeight = 100;
int height;
/[Proteomel
for (int i = 0; (i < nMarks) ; i++)
{
double r = freqTablel]i];

height = (int) ((r/max ) * maxHeight);

g2d.setColor(OurColorsJi]);
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g2d.drawRect(xo + i *widthOfBar, yo-height,

widthOfBar, height);
}

/[Proteome?2
for (int i = 0; (i < nMarks) ; i++)

double r = freqTable2]i];

height = (int) ((r/max ) * maxHeight);

g2d.setColor(OurColorsi]);
g2d.drawRect(xo + i *widthOfBar, 2
widthOfBar, height);
}
/[Proteome3
for (int i = 0; (i < nMarks) ; i++)

* y0-height,
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double r = freqTable3[i];
height = (int) ((r/max ) * maxHeight);
g2d.setColor(OurColorsJi]);
g2d.drawRect(xo + i *widthOfBar, 3  *yo-height,
widthOfBar, height);
}
/[Proteome4
for (int i = 0; (i < nMarks) ; i++)

double r = freqTable4]i];
height = (int) ((r/max ) * maxHeight);
g2d.setColor(OurColorsJi]);
g2d.drawRect(xo + i *widthOfBar, 4  *yo-height,
widthOfBar, height);

}

label.setText( nameOfFilel + *; " + nameOfFile2 + ";
+ nameOfFile3 + ", " + nameOfFile4 + ". ");
label.setVisible(true);

}

/[Drawing tool
//Second method to be executed and
/then on always ready to get into action.

protected void paintComponent(Graphics Q)
{
super.paintComponent(g);
Graphics2D g2d = (Graphics2D) g;
/[Embellishment
g2d.setRenderingHint(RenderingHints.KEY_ANTIALIASIN
RenderingHints.VALUE_ANTIALIAS_ON);

drawCharts(g2d);
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/[Title specifications for the frequency table
private static void definitions(double max)
{

System.out.printin(  "maxh = "+ max);
//Scale is found

double k = max;

double j = 0;

while (k < 1)

{

k = k = 10;

jt+

}

delta = 1;

delta = delta / Math.pow(10, j+1);
System.out.printin("j = " + j + " Delta = "+ delta);
nMarks = (int) (max/delta) + 2;
if (nMarks > 20)

{

delta = delta * 10;
nMarks = nMarks/10+2;

}
for(int i = 0; i < nMarks; i++)
titlesFreqTable[i] = " freq = " + i + " * "+ delta;

}

//Builds the frequency table by ranges.

/lcounting is a boolean flag for counting

private static int[] classification(double[] freq,
double max)

{

int freqTable[] = new int[100];

boolean go = true;

for(int index = 0; index < freq.length; index++)

{

for(int i = 0; (i < (nMarks+4) & (go)); i++)

233
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{
if (( freg[index] >= i xdelta) &
( freq[index] < (i+1) * delta))
{
freqTable[i]++;
go = false;
}
}
go = true;
}
return freqTable;
}

/[Frequency table is reported
private static void reportTable(int[] freqTable)
{
System.out.printin("Frequency table of " + " " + n
+ "-grams "),
for(int j = 0; j < nMarks; j++)

System.out.printin(j + " " + freqTable[j]
+ " for range " + titlesFreqTable[j]
+ " " + NamesColors[j]);
/[Test

int sumNGrams = O0;
for(int j = 0; j < nMarks; j++)
sumNGrams = sumNGrams + freqTable][j];

System.out.printin("Sum = " + sumNGrams + " " + n
+ "-grams");

}

/[Frequency tables are reported

private static void reportTables()

{

System.out.printin("\n " + nameOfFilel);
reportTable(freqTablel);
System.out.printin("\n " + nameOfFile2);
reportTable(freqTable2);
System.out.printin("\n " + nameOfFile3);
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reportTable(freqTable3);
System.out.printin(\n " + nameOfFile4);
reportTable(freqTable4);

}

/[Frequencies are grouped in ranges
private static void rangeTables() throws IOException

{
max1l = findMax(freql);

max2 = findMax(freg2);
max3 = findMax(freg3);
max4 = findMax(freg4);

/IA global max is found to define a universal scale

max = maxl;

if (max < max2) max = max2;

if (max < max3) max = max3;

if (max < max4) max = max4;

System.out.printin("\nGlobal max of relative freq =" +
" "+ max + "\n");

definitions(max);

freqTablel = classification(freql, max);
freqTable2 = classification(freq2, max);
freqTable3 = classification(freq3, max);
freqTable4 = classification(freq4, max);
max1l = findMax(freqTablel);
max2 = findMax(freqTable2);
max3 = findMax(freqTable3);

max4 = findMax(freqTable4);

/IA global max is found to define a universal scale
max = maxl,
if (max < max2) max = max2;
if (max < max3) max maxa3;
if (max < max4) max = max4;
System.out.printin("\nGlobal max of absolute freq =" +

" "+ max + "\n");

/IAll the work is done
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private static void study() throws IOException

{

/In-gram frequencies are found and kept in freql
findFrequencies();

rangeTables();

reportTables();

/[Frequencies of n-grams are calculated
private static StringBuffer randomProteome(int length)
{
StringBuffer randText = new StringBuffer("™);
char ¢ = ' 7
/IN = number of possible n-grams
for(int i = 0; i < length; i++)

int k = r.nextint(lengthAlf);

¢ = Alphabet.charAt(k);

/llchar is appended to text
randText = randText.append(c);

}

return randText;

}

/[True proteomes are read from files,

/lfalse ones are synthesized.

private static void readProteomes() throws IOException
{

proteomel readData(pathl);

proteome2 = readData(path2);

int length = proteomel.length();

proteome3 = randomProteome(length);

length = proteome2.length();

proteome4 = randomProteome(length);

}

/[Frequencies of n-grams are calculated
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private static void findFrequencies() throws IOException
{

System.out.printin("\nProteome 1. " + nameOfFilel);
/In is the number of letters in n-grams

freql = nGramsFrequency(n, proteomel);
System.out.printin("\nProteome 2: " + nameOfFile2);
freq2 = nGramsFrequency(n, proteome2);
System.out.printin("\nProteome 3: synthetic");

freg3 = nGramsFrequency(n, proteome3);
System.out.printin("\nProteome 4. synthetic");

freg4 = nGramsFrequency(n, proteome4);

if (print2)
{
System.out.printin(proteomel);
System.out.printin("Index, n-gram, and frequency");
for(int i = 0; i < fregl.length; i++)
System.out.printin(i + "\t" + indexInverse(n, i)
+ "t" + freql[i]);

/I We read record from file

private static StringBuffer readData(String path)
throws [OException

{

StringBuffer text = new StringBuffer(");

/ltry and catch gates

try

{

FileReader fr = new FileReader(path);

BufferedReader br = new BufferedReader(fr);

String s = "

while((s = br.readLine()) != null)
{

/IFiltering of first line of each subsequence
if (s.charAt(0) !'= "> )
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{
//System.out.printin(s);

text = text.append(s);

}
}

fr.close();

}

catch ( NoSuchElementException elementException )
{

System.err.printin( "File is corrupted." );
input.close();

System.exit( 1 );

}

catch ( lllegalStateException stateException )
{

System.err.printin( "Reading aborted." );
System.exit( 1 );

}

return text;

}

/IReturns the index  of ngram in F[] vectors.

/[An n-gram is a string with n chars taken from Alphabet.
/[Take it as a number in base = length of the Alphabet.
/IThe index is that number in base 10.

private static int index(int n, String ngram)

{

char c1 =
int p = 0;
int ind = 0O;

boolean correct = true;

for(int i = 0; (i <n) & correct; i++)

{

cl = ngram.charAt(i);

p = Alphabet.indexOf(cl);

if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else
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{

ind = -1;

/[Detecting the presence of an alien symbol
correct = false;

System.out.printin("Alien : " + p);

}

}

if (printl)

System.out.printin( "ngram = " + ngram + " index = "
+ ind);

return ind;

}

/IReturns the n-gram corresponding to index ind
/[This is the inverse operation of index()
private static String indexIinverse(int n, int ind)

{

char cl =" 7

int p = 0;

String ngram = "";

int kK = 0;

int indl = ind;

//System.out.printin("'n = " + n);

for(int i = n-1; i > -1; i--)

{

[[System.out.printin(" e« \nlndex = " + indl);

k = ( int ) (Math.pow(lengthAlf, i));
/ISystem.out.printin("k = " + K);

if( k <= indl)

{

p = indl / k;

//System.out.printin("p = " + p);

if (p < Alphabet.length())

cl = Alphabet.charAt(p);

indl = indl - p *K;

}

else ¢l = Alphabet.charAt(0);
/[System.out.printin("cl = " + cl);

239



240 CHAPTER 4. APPLICATION TO PROTEOMES

ngram = ngram+cl ;

}

if (printl)

System.out.printin( "ngram = " + ngram +
" index =" + ind);

return ngram;

}

| *

This procedure records in F the

frequency of appearance of n-grams in the given Text.

Each n-gram is given an index, a number that

identifies it in the vector F.

At the beginning, every entry of F is set to O.

The index of each n-gram of the Text is

calculated and the corresponding entry in F is

incremented by one.

*/

private static double[] nGramsFrequency(int n,
StringBuffer Text)

{

/[Zeroed initialization

double[]] F = new double[N];

int nText = Text.length();

System.out.printin("Length of working text = " + nText);
int start = O;
int ind = O;

//Number of possible n-grams

int nPossibleNGrams = nText-n+1;

for(int ¢c=0; ¢ < nPossibleNGrams; c++)

{
String ngram = Text.substring(start, start+n);
ind = index(n,ngram);
/lif a given char of an n-gram is not in
/lthe alphabet, its index is negative:
/lyou must enlarge the alphabet else ignore it.
//We ignore it.
if (ind >= 0) Flind] = F[ind] + 1;
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start = start +1;

}
findMax(F);
for(int i = 0; i < N; i++)
F[i] = F[i]J/nPossibleNGrams;
double sum = 0;
for(int i = 0; i < N; i++)
sum = sum + FI[i];
System.out.printin("Frequencies add up to "+ sum);
double max = findMax(F);
System.out.printin("Max of frequencies "+ max);
return F;

}

/IMaximal frequency is found

private static double findMax(double[] F)

{

double max = 0;

for(int i = 0; i< F.length; i++)

if (F[i] > max ) max = FJi;
//System.out.printin("Max of frequencies "+ max);
return max;

}

//Maximal frequency is found

private static double findMax(int[] F)

{

int max = O;

for(int i = 0; i< F.length; i++)

if (F[i] > max ) max = F[i];
/ISystem.out.printin("Max of frequencies "+ max);
return max;

}

W/End of class 1104 twoFreqTables
105 Exercise. Run the previous program and play with the code.

106 Important exercise. Play enough with the previous code to reliably agree
else disagree with the next claim of the Author:
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The bar chars of n-grams frequencies of natural proteomeksgnthetic ones
are so dissimilar that it is obvious that the explanation oftbtype of proteomes
cannot be the same. In this case, randomness under a unifistribdtion is be-
hind the mechanism of synthesis of synthetic proteomes smnrvediately con-
clude that a uniform distribution is not the explanation loé tpresent form of life
on Earth.

If you agree, pass to the next exercise else make fun of bigthcecand cre-
ationism because they both resort to systematic effectgplaia our existence.

107 Exercise. Add to the previous program the code to calculate the necgssa
values to make a Kolmogorov—Smirnov test to support youclasion in regard
with the previous exercise. The null hypothesis of thisitestat data in the two
samples come from the same distribution and so, this is lgxabat we dealt with.

108 Challenge. To get conscious that randomness comes in infinitely many
distributions, and not only in a uniform one, compose theectmdsynthesize pro-
teomes at random but with different distributions and adeldbde for a Smirnov-
Kolmogorov test, to prove or disprove that you have effeltitwo different distri-
butions. Hint: you can learn how to generate random texts witerse distribu-
tion by studying program 166 FictitiousDNA. The S-K test t&ncopied from the
previous program 1107.

109 Important exercise. Consciously analyze the next claim of the Author to
reliably agree else disagree with him:

We have ruled out a uniform distribution of random eventshaseixplanation
of life on Earth. Can we pass from here to reject randomnesgemeral? The
ensuing question is: what about all the others distribusi®The Author considers
that, in regard with proteomes that come from genetic inftfam, randomness
means randomness under a uniform distribution because afladf a reason to
think of another one under natural circumstances.

Therefore, to rule out randomness under a uniform distrdsutmeans to rule
out randomness in general.

So, in the name of the eJ Community we authorize everybodglief that
direct and isolated randomness is not the explanation o$eme life on Earth:
other proposals are welcome.
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110 Important exercise. Consciously analyze the next claim of the Author to
reliably agree else disagree with him:

Once one has accepted that randomness is not the explarwdtibe on Earth,
we have two important and interesting options: scienceh(itétDarwinian Evolu-
tionary Theory) and creationism (creation by God or by alierNow, which option
must we pay attention to with mandatory priority?

In our eJ community we choose science as our priority for estigg a plausi-
ble explanation for our existence. The reason is that ourdbearts that were out-
put by the last program are precisely indicators of reuse asib building blocks.
Reuse fits well natural evolution as well as intelligent dasis (which also use
evolution as a tool for design). But the virtue of natural lewion is that it is by far
simpler to study by Java simulations than intelligent desig.

The great conclusion is that we at last have the official righget involved in
the study of science: the difficult art of proposing expléna of folds of nature
that could be simple and nice enough to mean a challenge &arelsers to test
them.

111 Tremendous exercise.To be authorized to make science is one of the best
news ever heard. So, take your time and some pains to rewsetie of the last
programs. Work enough to confidently agree else disagree twi claim of the
Author: the program twoFreqTables2 is correct and it doestwhmust. Besides,

it is very efficient.

4.4 Distance matrices

Our tools have allowed us to execute the n-gram analysis aiepmes includ-
ing the production of n-gram charts and n-gram frequencle$abAs a result, we
have decided that direct and isolated randomness is notadleskexplanation of
proteomes. Let us pass now to the systematic study of therelif€tes among pro-
teomes. We compare them by pairs. Our procedures will egeotm each pair a
number, an n-gram distance among its members.

Our purpose is to attack this work systematically becausevarg to build a
matrix with the distances between all possible pairs of ge®that are contained
in a given folder. Our first task is therefore to learn how timiege the names of
files in a folder.
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112 The next code lists the names of files of a foldeA specific extension is
allowed.

/IProgram 1112 ListingFiles

[IThis program lists all files of a given folder
/lwith a given termination or suffix.

/IChosen termination is .faa
import java.io.File;

public class ListingFiles

{

public static void main(String[] args)
{
/[Change this path to that to the folder
/lwith your proteomes.
String path = "/home/jose/jose/AAjoser/Ciencia/" +
"GenomesComplete/GenomesSample";
File folder = new File(path);
File[] listOfFiles = folder.listFiles();
String file;
System.out.printin("List of species: \n");
for (int i = 0; i < listOfFiles.length; i++)
{
if (listOfFiles]i].isFile())
{
file = listOfFiles[i].getName();
/[Filter for .faa format. Change this on need.
if (file.endsWith(".faa") )
System.out.printin(i + " " + file);
}
}
}

Y/End of main class 1112 ListingFiles

113 Exercise. Adapt the code to your folders and run it. Play with the cods, s
reuse it to find files with .tex extension.
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114 Dealing with a complete folder of proteomesThe next code finds the matrix
of distances among all pairs of genomes that are found indlidef GenomesSam-

ple.

/[Program 1114 EuclideanDistMatrix

| *

The program calculates the vector of absolute frequencies
of all possible n-grams,

then calculates the relative frequencies

by dividing each absolute frequency

by the number of n-grams in each studied text,

next it calculates the matrix of Euclidean n-gram distances
between all proteomes in the chosen folder.

Sequences must have extension .faa (fasta amino acids).

*/

import java.io.BufferedReader;

import java.io.File;

import java.io.FileReader;

import java.io.lOException;

import java.util. NoSuchElementException;
import java.util.Scanner;

import java.lang.lllegalStateException;

public class EuclideanDistMatrix

{

//Machine for reading from hard disc
private static Scanner input;

/[Folder with proteomes with .faa extension.
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/[Update this to your circumstances

private static String nameOfFolder =

"Ihomel/jose/jose/AAjoser/Ciencia/" +
"GenomesComplete/GenomesSample”;

/[Full path to a specific file
private static String path;

private static File[] listOfFiles;

/[The alphabet need by fasta format.
private static String Alphabet =
"ABCDEFGHIKLMNPQRSTUVW¥ZX

/llength of the Alphabet

private static int lengthAlf = Alphabet.length();
/lletters per n-gram

private static int n=3;
//Number of n-grams

private static int N = (int) Math.pow(lengthAlf, n);

/[The frequency of appearance of n-grams in the text.
/If n>3, the assigned memory must be expanded
private static double[]] freql, freq2

= new double[N];

private static int L = (int) Math.pow(lengthAlf+1, n);

//We make run for 7 proteomes
private static double[][] nGramFregMatrix = new double[L]

//\We make run for 7 proteomes
private static double[][] nDistanceMatrix = new double[L]

private static Boolean printAll;

[71;

[71;
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/IAll files in the folder that is addressed

/lby path are found.

/[Extension .faa is required.

public static void getNamesOfFiles(String path)
{

File folder = new File(path);

listOfFiles = folder.listFiles();

String file;
System.out.printin("List of species: \n");
for (int i = 0; i < listOfFiles.length; i++)
{
if (listOfFiles][i].isFile())
{
file = listOfFiles[i].getName();
/[Filter for .faa format. Change this on need.
if (file.endsWith(".faa") )
System.out.printin(i + " " + file);

}
}
}

/I We read record from file
public static StringBuffer readData(String path)
throws |OException
{
/IA proteome is kept in a stringBUffer (heavy duty string)
StringBuffer genome = new StringBuffer(");
/ltry and catch gates
try
{

FileReader fr = new FileReader(path);
BufferedReader br = new BufferedReader(fr);

String s = "

while((s = br.readLine()) != null)

{

/[Filtering of first line of each subsequence
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if (s.charAt(0) = "> )
{
/ISystem.out.printin(s);
genome = genome.append(s);

}
}
fr.close();
}
catch ( NoSuchElementException elementException )
{
System.err.printin( "File is corrupted.” );
input.close();
System.exit( 1 );
}
catch ( lllegalStateException stateException )
{
System.err.printin( "Reading aborted.” );
System.exit( 1 );
}

return genome;

/IReturns the index  of ngram in F[] vectors.

//An n-gram is a string with n chars taken from Alphabet.
/[Take it as a number in base = length of the Alphabet.
/[The index is that number in base 10.

private static int index(int n, String ngram)

{

char cl1 ="' ’;

int p = 0;

int ind = 0O;

boolean correct = true;

for(int i = O; (i <n) & correct; i++)

{

cl = ngram.charAt(i);

p = Alphabet.indexOf(cl);

if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
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else

{

ind = -1;

/[Detecting the presence of an alien symbol

correct = false;

}

}

if (printAll)

System.out.printin( "ngram = " + ngram + " index = "
+ ind);

return ind;

}

| *

This procedure records in F the

frequency of appearance of n-grams in the given Text.

Each n-gram is given an index, a number that

identifies it in the vector F.

At the beginning, every entry of F is set to O.

The index of each n-gram of the Text is

calculated and the corresponding entry in F is

incremented by one.

*/

private static double[]] nGramsFrequency(int n,
StringBuffer Text)

{

/[Zeroed initialization

double[] F = new double[N];

int nText = Text.length();

System.out.printin("Length  of working text = " + nText);
int start = O;
int ind = 0;

//INumber of possible n-grams

int nPossibleNGrams = nText-n+1;

for(int c=0; ¢ < nPossibleNGrams; c++)

{
String ngram = Text.substring(start, start+n);
ind = index(n,ngram);
/lif a given char of an n-gram is not in
/lthe alphabet, its index is negative:
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/lyou must enlarge the alphabet else ignore it.
//We ignore it.
if (ind >= 0) Flind] = F[ind] + 1,
start = start +1;
}
findMax(F);
for(int i = 0; 1 < N; i++)
F[i] = F[i]/nPossibleNGrams;
double sum = 0;
for(int i = 0; 1 < N; i++)
sum = sum + FJi];
/ISystem.out.printin("Frequencies add up to "+ sum);
double max = findMax(F);
System.out.printin("Max of frequencies "+ max);
return F;

//Maximal frequency is found

private static double findMax(double[] F)

{

double max = 0;

for(int i = 0; i< F.length; i++)

if (F[i] > max ) max = FJi];
[ISystem.out.printin("Max of frequencies "+ max);
return max;

}

/[The Euclidean distance among two vectors of integer type
/l(declared as an object intVector3) is calculated
private static double euclideanDistance(int N,
double[] F1, double[] F2)
{
double sum = 0;
double d = 0;
if (printAll)
System.out.printin("Relative frequency vectors to compa re");
for(int i = 0; i < N; i++)

{
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double a = F1[i]-F2]i];

sum = sum + ara,;

d = Math.sgrt(sum);

if (printAll)

System.out.printin(F1[i] + * " + F2[i]);
}

return d;

}

//Reports a matrix with the Euclidean n-gram distances betw
/lall possible pairs of proteomes in listOfFiles
public static void calculateMatrix() throws IOException
{
StringBuffer proteome = new StringBuffer("™);
/In-gram analysis of all proteomes
for (int i = 0; i < listOfFiles.length; i++)
{
String file = listOfFiles[i].getName();
path = nameOfFolder + "/* + file;
proteome = readData(path);
freql = nGramsFrequency(n, proteome);
//IResults are kept in a matrix
for (int | = 0; j < freql.length; j++)
nGramFreqgMatrix[j][i] = freql[j];
}
/[Euclidean n-gram distances are found
int L = (int) Math.pow(lengthAlf, n);
for (int i = 0; i < listOfFiles.length; i++)
{
for (int k = 0; k < L; k++)
freql[k] = nGramFregMatrix[K][i];

for (int j = 0; j < listOfFiles.length; j++)

{

//[Euclidean distance between freql and freq2
for (int k = 0; k < L; k++)

freq2[k] = nGramFregMatrix[K][i];
nDistanceMatrix[i][j] =

251
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euclideanDistance(N, freql,freq2);
}

}
}

public static void printMatrix()
{
System.out.printin( "\nMatrix of Euclidean n-gram distan
for (int i = 0; i < listOfFiles.length; i++)
{
for (int j = 0; j < listOfFiles.length; j++)
System.out.print(nDistanceMatrix[i][j] + "\t");
System.out.printin();
}
}

public static void main(String[] args) throws IOException
{

getNamesOfFiles(hameOfFolder);

/ITo print additional information, change to true

printAll = false;

System.out.printin( "\nLetters per n-gram = " + n );
System.out.printin( "Lenght of the complete alphabet = " +
lengthAlf);

System.out.printin( "Number of n-grams in vector " +

"SelfEng = " + N);

calculateMatrix();
printMatrix();

}

M/End of main class 1114 EuclideanDistMatrix

115 Exercise. Adapt the code to your circumstances, run it and play with it.

116 Exercise. The output of the previous program is difficult to read beeass

many zeros in the distances. Invent something to easy thlat ta

ces" ),
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4.5 Evolutionary theories

We have ruled out randomness as a direct and pure explamdiivoteomes. Now,
what else could be the right explanation? It is a designet, iBihe designer ra-
tional or irrational? To decide this question, we must intfilgce burn irrational
designers. To that aim, let us formulate a very simple mad&ithin the evolu-

tionary framework.

117 The nearest neighbor phylogeny.

By the very nature of life and once randomness has been ruledwolution
(reproduction with mutation, recombination and seleqgtisrthe most immediate
candidate as a designer of life. This directrix must be mattespecific evolution-
ary theories with clear cut predictions. This can be doneamynmany forms, so
it would be nice if we can single out a natural, simple and sblform to do that.
Our invitation is to begin with a very natural question argisimplest answer:

Who is my father?

If no additional information is at hand, my father is the miaattmost resembles
me. This gives rise to theearest neighbor phylogeny

118 Example. We use real data and our previous software to calculate adcst
matrix and the nearest neighbor phylogeny:

List of species and the length of their proteomes:

Edwardsiella_tarda EIB202_uid41819.faa: 1067782
Acaryochloris_marina_MBIC11017_uid58167.faa: 181617 6
Zymomonas_mobilis ATCC_10988 uid55403.faa: 571778
Neurospora_crassa_FGl.faa: 4784823

Arcobacter_L_uid158135.faa: 912047
Syntrophomonas_wolfei_Goettingen_uid58179.faa: 8078 37
Cenarchaeum_symbiosum_A_uid61411.faa: 620959

OO0 WNEO

Amplified and rounded Matrix of Euclidean n-gram distances
0
50 0
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56 50 O

86 69 69 O

139 114 111 126 O

79 58 54 80 85 O
82 80 66 73 129 77 O

In the first step we find the shortest distance given by theixnatris 50 that
measures the differences between species 2 and 1. Nextawedree as follows:

N\

2
1

This depiction saids that species 1 and 2 have a common angdsth is not
shared as a common ancestor with all other species.

Now we can choose the closest species to the cluster formegdnyes 1 and
2: we take species 5 because its distance to species 2 is B# iglihe minimum
one from all other species. We consequently update our-reto

\

Which is the next species to be added? The closest one toustercl,2,5. It
is species 0 because its distance to species 2 is 56. The tmew/i

N
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And so on: we end with the following tree:

7

The tree we have constructed is @mrooted tree, because in spite of its ap-
pearance it shows no direction of evolution. To see this, ériough to deform the
tree in one of the many equivalent forms, as the following:

I

P NOIowo

46 30521

Observe that all species appear at the same horizontal lrglmeans that
they are contemporaries. In fact, they all exist in our days.

119 Challenge. Test the just built nearest neighbor phylogeny. To begih,wit
use the length of the proteomes as indicators of compleiigy:more far we are
one from another according to the distance, the more complgst be the changes
along any path connecting us. If you find a contradiction,ttryise the bivariate
criterion given bynearest distance + minimum complexity change suggest a
plausiblerooted tree i.e., a tree that shows a direction of evolution across time
Most possible no satisfactory tree can be found so one musbgéent with a tree
with the less number of contradictions. Species orderecebgth of proteomes
from simplest to most complex: 2,6,5,4,0,1,3.

120 Graduation. Use the technology that we have learned in this section about
folder management to devise an application that reads théepmes of a folder,
shows for each species the 2 and 3 n-gram charts and the pome#sng bar dia-
grams. Include navigation buttons of next and previousisge®bserve that the
nearest neighbor phylogeny is completely determined byjaesee of species, in
our case: 4,6,3,0,5,2,1. So, no actual graphic is necesdagyelop and include
the corresponding Java algorithm.

121 Challenge. Dress the software that we have developed in this volume in a
GUL.
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4.6 Conclusion

In previous chapters we developed some software for the stildhnguage diver-
gence. Here we have reused it for the study of the proteomecaWesee now an
n-gram chart showing the n-gram frequencies of a given pnogeand the corre-
sponding bar diagram. The synthesis of artificial proteolnesoncatenation of
chars taken at random allowed us to test the hypothesis {tj@m frequencies fit
a uniform distribution. Because we consider that this isahly natural distribu-
tion to care of, we conclude that this test really decidesthdreor not we are a
direct effect of randomness. Our answer is negative and sowite everyone to
propose alternate explanations. The Darwinian Evoluti&eory is, of course,
the natural candidate.

We used n-gram relative frequencies to quantify the diffeeebetween two
species and to form a distance matrix for the set of speciesavproteomes are
located in a given folder. Next, we used that matrix to buitdemolutionary tree
that is singled out by the nearest neighbor phylogeny that say father is the man
that most resembles me. Thus, for the first time in the histbtiie eJ community,
the Evolutionary Theory is not a theory sustained by othepfe but a theory that
we made ourselves and that we will test with pleasure.



Chapter 5

Review

This is a very important work for us

THE IMMUNE SYSTEM AND HOMEMADE EVOLUTIONARY
THEORIES

We refer here how we began with the immune system, rediscbthes n-gram
technology and witnessed its proficiency in language disicration. Next, we used
it to calculate a distance matrix for proteomes of a set ot&® and implemented
the Evolutionary Theory into a concrete proposal: the nsareighbor phylogeny
that is defined by the dictum that my father is the man that ms&mbles me.
In that way, the evolutionary enterprise is anymore a boedvdealt: we have
thoroughly illustrated how to convert simple, natural ideimto algorithms that
take real data and end with an evolutionary theory with cleat retro-dictions
that are packed into a phylogenetic tree.

5.1 Introduction

Nature has a natural system that discriminates self fromsetfrand whose oper-
ation is routinely employed to recognize languages.

5.2 The immune system

The body routinely launches attacks against invading rbiespinfected cells and
tumors while helping the recovery of damaged tissues. Weiréon its work, one

257
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would rapidly die. How is that achieved? The central poinbislistinguish self
from non self, a task that is fulfilled by themmune system

The accepted explanation of how the immune systems distaibas self from
non-self is given by the clonal deletion theory that progosédearning procedure
(NIH, 2013):

1. The original setting of the immune system of the embrybas éverything,
self and non-self, must be destroyed.

2. Immune cells give rise to clones over the life of the orgamiEach immune
cell has a target chosen at random but the population of ireroalts is large
enough that targeting is almost exhaustive. If a clone isgeg to something
early in its life, the representative cells activate anrimé self-destructive
pathway, and the immune cell dies. If an immune cell matutemsnd its
clone will get ready to attack its target if it only appears.

3. So, self is what kills young immune clones and non self iatvdomes next
after their maturation.

4. This system works if the embryo is protected by the immustesn of the
mother from the attacks of every invader.

This theory immediately explains rheumatism as an autodmarillness: the
inner tissues of bones are not exposed to the immune systdynireéife, when
the immune system is in its process of learning. But whenitatde a lesion to
the bone happens, preferentially at the joins by the accatioul of residues, some
proteins that never have been seen by the immune system igkeppearance
and thus they are taken as alien and so the tissues thatrctimean are prosecuted
to disintegration.

The foreign molecular entities that trigger the operatibthe immune system
are preferentially proteins, which are encoded by DNA. Miadess, the immune
system does not deal with entire proteins or enzymes butsmithll portions of it:

Every kind of proteins are continuously recycled and onédeffirst steps is to
cut them to pieces up to 6 or 7 amino acids long. These smakKedrare precisely
the objects that are revised by the scanning cells of the imensystem (Darnell et
al, 1986).

We have now a simple theory:

Immunological recognizing theory reading of small DNA or protein seg-
ments suffices to discriminate self from non-self.
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This theory is simple enough to be tested with Java immdgliatbe theory
must also function if we use written texts of human languaggetestbed for our
theory. Our election seems quite reasonable since aftee §utral training, one
can discriminate at once if a text is written in English or ier@an. How is that
possible? Because one looks for substrings with typicalbioations of letters.
Say, the substrinfreu does not happen in English but it appears in German. As a
conseqguence, one inmediately knows that the vilenad is not in English and that
it belongs in German.

Officially, a substring n-letters long is called argram. Thus, our brain as
language recognizer and the immune system both have n-griating basis of its
functioning. A test in Java is mandatory. So, with a Java nogwe verified that
n-gram frequencies are useful to discriminate betweenigngind German and
even to compare diverse authors in the same language. Weheseolographic
techniquewhich works as follows:

For a given n, all the n-grams of a training text are recordéuk proportion of
alien n-grams in another text in the same language is cééclldhe same is done
with a text in a foreign language. Thus, we end with two préipos of contrasting
n-grams. We find the semi-sum and this defines a threghdidhe proportion of
alien n-grams of a given testing text is less thathe text is written in the initial
language otherwise in the second one.

5.3 Curious facts

We studied the behavior of waiting times (the additional benof chars that one
must scan to get the next brand-new n-gram) and we found argentexponential
envelope in the large scale that was made visible by smapthie. averaging
values close to the one under study.

An exponential envelope of the waiting time function is atdserved in texts
that have been synthesized as concatenation of random ¢barthe other hand,
the 18 most common n-grams of English and German are distnat each one
and do not appear in the other. Besides, the distance betregish and German
is for small values of most common n-grams very similar td between German
and random texts.

These curious facts awakes the imagination in regard wihotigin of lan-
guages: we all know that languages evolve along human legzeagross their dis-
persal in time, space and culture. And since a word is justra t¢hose meaning
is conventional, it might be natural to consider that acdatan of small change
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could be all to the evolution of languages. But our curiowsults call for a chal-
lenge:

Since randomness is not that far from human languages, the®it used to
synthesized de novo some human languages? This is a culEaishiat combines
with our curious facts. The marvelous thing is that anciarituces gifted us a
testimony in favor of the thesis that languages or partsahthave been invented
many times de novo along the human history. The witness r@afidlows:

5.4 The Bach& myth

AVAVAVR

The goddess Bachué is a primordial Mother and Creator Gasdafeéhe Chibche
people of Columbia. Her name means The One With the NakedsBr8he is the
Mother of mankind. According to legend, She emerged of thiergan the Lake
Iguaque with a baby in her arms; this baby grew to become h&lvemad and to-
gether they became the progenitors of the human race. Areltbechumans had
grown up and learned to live on their own, She turned Herselftder mate into
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dragons and returned to the depths of the lake...leavingatiges with a world of
knowledge.

Bachue is also a Goddess of the harvest, of agriculture, térveand farm-
ing...as well as the Goddess of famine. She occasionallyn®to guide Her cre-
ation and watches over the crops that sustains mankind.

Every year the Andean Indians assembled at Lake Guatavitarterate this
Goddess.

5.5 Interpretation

The myth is ordinarily seen as a beautiful piece of religili@sature of an ancient
culture. That is not indeed the whole story: one might notfize the aforemen-
tioned version include dragons, an European sign of the poWdarkness, but
the original myth refers to snakes, which are nice and natgomius at the region
where the myth was originated. The reason of this gyro istti@inyth is also a
treasure for modern fans of dark religions, a fact that itb@yumxtodis1232013),
clearly unveils in the name of the link to his blagclaimingthedarkgoddes#nd,
what is the knowledge that the Author so much appreciates®aifenothing about
that because there is only one option: the cult of the dead)y@arous source of
dark power that enables desires to be fulfilled: just prayotarygrandmother, or to
a saint or to a goddess and you will see that your dreams came tr

The religious force of this myth is so great that it fades aamgther aspect that
has an immense relevance for our work: the myth has a natuttaiogpological in-
terpretation in terms of a report of a true and recurrenysabout the colonization
of the Earth by ancient scouting couples:

A young couple, boy and girl teenagers, decide to abandonttbeneland to
go to live their own life far away from any perturbing sociefihe boy dies in the
enterprise while the girl remains alive with a baby in her sirrAs time flies, the
baby rises up, becomes the husband of her mother and togethelate the new
land.

Now, young couples have an immanent tendency for escaphiig.nfeans that
the myth refers a particular unfolding of a very usual evarthe ordinary life of
our early ancestors with immediate linguistic implicagon

1. If both parents survive, the language of the new land ieetqul to be very
similar to that of the mother land.
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2. If the father dies, the new language would have new wonkEnted by the
progeny to name events related with male activities, sagehlf the mother
dies, the progeny would need to invent words for the intinfiatginine life
in relation with family, cooking, dressing, agriculture.

3. Many variants exist that may afford with linguistic vduiiity, say, the progeny
may get maturity but has defects such as anatomical probleithslips,
palate or larynx that deprive them from a perfect verbal camication with
healthy grand sons.

All these events point to the the possibility that languaggsart of them have
been invented de novo along the population of the Earth. @bdbat proposed
mechanism, officially known as a bottleneck or founder effdiettle, 1999), also
provides us with testable predictions.

5.6 Distinguishing styles

With some difficulty, the n-gram technology even allows udigiinguish two au-
thors because they have different styles and we have fourad/aonquantify that
difference. So, what is a style? fyle is the mode of using and reusing n-grams,
words and expressions.

5.7 Application to proteomics

Having tested our machinery over languages, we pass to dppler pro-
teomes the complete sets of proteins of a given species.

For the very purpose of n-gram analysis of the proteome, wiedthe pos-
sibility to see n-gram charts showing the n-gram frequenofea given proteome
and the corresponding bar diagram. With these tools it besapparent that ran-
domness is not the explanation of the proteome. In fact,yththesis of artificial
proteomes by concatenation of chars taken at random allog/&mltest the hypoth-
esis that n-gram frequencies fit a uniform distribution. 8ese we consider that
this is the only natural distribution to care of, we concluldat this test really de-
cides whether or not we are a direct effect of randomnessa@awer is negative:
we find no reason to consider that the proteome is explainea diyect effect of
randomness.
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Let us be a bit more expressive in regard with our decision iencklation
with the scientific method: it is possible to consider thdemsce cannot reject
randomness anyhow because if something exists then it afsbe generated by
randomness directly. While this consideration is plairdjid; there is no a single
person that accepts that: who will believe that free bodiéé1bt because the force
of gravity pulls them but just because of a coincidence atoen? So, our directive
is this: the reason that compels us to believe that a gramrtefexists must be the
very same reason that inspire us to believe that the proté&onut the direct result
of randomness. So, what is that reason? It is the following:

One releases a body to see its trajectory: it falls down. Ty happen by
randomness. One repeats the experiment: in this occagidiotly also falls down.
This also may happen by randomness but the joint probablilitynishes. And so
on: one can pick up as many events as desired and no exceptionnd if the
body is massive enough. This also can happen by randomnegselprobability
is exceedingly small. To get a probability as small as ddsimae needs to increase
the number of repetitions but only to a finite limit (our Volenv might help you
to get expertise on this topic).

The same happens with our study of the proteome: one seethéhatgram
charts of a species is quite different from that of an artifiproteome that is the
fruit of synthesis by concatenation of chars taken at ranffom a given alphabet.
This may happen by randomness. So, one can go to test anpt#westhat also
can be explained by randomness but with a joint lower prdibabrhen one can go
to test a third species. And so on: thanks to the work and kessliof Bailin Hao
(2013b), we enjoy a data bank with the proteomes of more ti389 2nicrobial
species.

At last, we do not rule out randomness, but direct experiagices us the
courage to decide that direct randomness is not the expanat our existence.
As we see, science is not a matter of science but of courage.

Since we reject randomness as the direct explanation oik@&ieace, everyone
is invited to propose alternate explanations to our exggen

The Darwinian Evolutionary Theory is, of course, the imnagglicandidate:
given that reproduction involves mutations and recommnatheir accumulation
under favorable environments might produce great changssse real span must
be investigated. In any case, evolution is a crude realay thithlessly threatens
us through microbial attacks. They permanently defy us tietstand evolution to
the full.

To make a concrete evolutionary proposal that could bedestd falsified, we
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need an operational methodology. The simplest one is hwiltral the following
concept:my father is the man that most resembles Awa consequence, we need
a method to quantify differences: my father is that man tliféérd the least from
me. Mathematically, this is done by means of a distance. Thplsst versions
suffice for our purpose.

5.8 The Euclidean n-gram distance

A distance is a mathematical function that is used to meadifferences among
objects. For text objects, say, DNA, proteins or languages)y diverse distances
have been defined. For instance, noticing that the immunersysan discriminate
between self and not self, we deduce that this system defidesmete distance:
the distance between self and self is zero but between skti@rself is one. Other
distances also are very useful:

Motivated by geometry, the Euclidean distance is an aligtraof the method
of measuring distances between two points of a plane by rwmutite number of
steps across the straight line that joins them. One can @dgnipass from the
plane, a space of two dimensions, to spaces of arbitraryrdiioe. In that way, we
can apply the Euclidean distance to n-tuples or vectors osegpof the absolute
frequencies of diverse n-grams. The resultant distanadledcEuclidean n-gram
distance It can be applied to pairs of texts of the most varied natacediversity
and so our immediate concern is to apply it to proteome sempgenlhe problem
is that this distance depends on the length of texts, so Ktaseomposed of three
copies of a short one, the original and enlarged texts wpkap as highly distant
one form another. Such effects are not welcome everywhemgeshave provided
the possibility to resort to relative n-gram frequenciegjolr are obtained by di-
viding absolute frequencies by the total number of n-gramthé analyzed text.
On this new setting, the teriuclidean n-gram distancerefers, by default, to the
Euclidean distance between two n-tuples or vectors ofivelatgram frequencies.

So, we used n-gram relative frequencies to quantify thewiffce between two
species and to form a distance matrix for the set of speciesevproteomes are
located in a given folder. Next, we used that matrix to buitdemolutionary tree
that is singled out by thaeearest neighbor phylogenythat is determined by the
dictum: my father is the man that is closest to me in the redatigram frequency
space endowed with the Euclidean distance.

Challenge: We also have used the n-gram technology to discriminatedssiw
two authors. Why is that possible? Because expressing lbiesevery compli-
cated problem and so it can be solved in many ways. So, evehoAhas his or her
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personal form, i.e., the used algorithms to pack persomasdliffer from author
to author. Is this difference that is measured by the n-gnaatyais. This explains
why it is possible to discriminate between two authors. New,are saying that
we can also discriminate between two species. Why is thaiigle®

5.9 On the importance of this work

In hindsight, the work that has been developed in this voligaé maximal impor-
tance: the Evolutionary Theory always has been taken by astlasory invented
by some else and sustained by other community. So, we havevie&ing with
borrowed objects. With this volume such shameful situatias been healed: we
do know how to build a concrete evolutionary theory begigrimom scratch and
using tools and ideas that have been developed and falaribgtebserving nature
directly. Itis certain that our one and only theory is rudntay, but nothing else is
needed to spark an evolutionary trend that looks for as madiegtion as desired.
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Answers to exercises

Problems of Chapter 1

18, page 6.To discover thatalcultaeis a misspelling otalculate a
mismatch distance is enough. But to discover ttatlaeis also a mis-
spelling of the same word, one needs a distance that inclesteabgnment
procedures.

26, page 22Expectations are approximately correct, but as an envelop-
ing tendency. Errors might be explained by the fact thatstex¢ not truly
random: some redundancy is used to allow for self-corractio

36, page 54.The hologramic techniquéo discriminate between two
authors is as follows: for one author, take some initial textraining text
for self and the rest of the text as contrasting one. Next &alcther author
and contrast the proportion of aliens n-grams in the cotmigagext with
that of the other author. Conclusion: When the length ofstgxbws, the
whole power of the language is employed and so differentastiend to be
indistinguishable. Short samples are preferred to distgigtwo authors.
We are saying that we can distinguish two authors becaugehthe dif-
ferent styles and we have found a way to quantify that diffeee So, what
is a style? Astyle is the mode of using and reusing n-grams, words and
expressions. The used code follows:

/ = Program 136 TwoAuthors

The purpose of this program is to discriminate
whether two authors that writer in the same language.
The program accepts texts of arbitrary size,

such as a complete book.

267
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The books must be copied by the User to the hard disk
and paths to corresponding files
must be updated in line 225.

We mimic the function of the immune system,
whose work is based in n-grams, that are
string n-symbols long.

Output is graphical.

The program has four steps:

1. Definition of self:

Up to some n, all possible n-grams are generated
and recorded in the boolean vector

SelfEng. This is done trickily: we generate a
boolean vector SelfEng and at the beginning,

every entry of SelfEng is set to TRUE.

And this is all to it.

The idea behind this is that each n-gram

is given an index, a number that

identifies it in the boolean vector SelfEng.

So, recording of Self is done as follows:

the index of each n-gram of the trainingText is
calculated and the corresponding entry in SelfEng is
set to false.

This mimics the training stage of the immune system.
The first part of a book is the training text.

2.Test over an English text: Because of the finiteness
of the learning text,

even another text in English might generate alien
n-grams. So, a second text in English is tested against
the former one. This defines a calibration stage:

the proportion of alien n-grams is reported.

The second part of the same book is used here.

3. Test over a second author:
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A second book, in English but by another author,
is analyzed:

its n-grams are compared against those in the list
that defines the self. The proportion of

alien n-grams is calculated. When text are long,
this proportion

approximately doubles

that of the second text in English.

4.Formulation of the discriminating criterion:

a classifying threshold is defined as the arithmetic
average of the two former proportions. If the proportion
of alien n-grams of a new text is less than

that of the threshold, the text is in English, otherwise
it is in another language.

Various graphics are displayed for diverse values

of the number of chars taken from the training text.
Each graphic represents

the proportion of alien n-grams that one finds in
a testing text as a function

of the length in chars of that testing text.

Two testing texts are contrasted: one in English
the other in German.

x/

import java.awt.BorderLayout;

import java.awt.Color;

import java.awt.Graphics;

import java.io.File;

import java.io.FileNotFoundException;
import java.util.NoSuchElementException;
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import javax.swing.JFrame;
import javax.swing.JLabel;
import javax.swing.JPanel;

import java.lang.lllegalStateException;
import java.util.Scanner;

public class TwoAuthors extends JFrame

{

private static final long serialVersionUID = 1L;

/IThe application is instantiated

static TwoAuthors p = new TwoAuthors();

/[The painting class is declared and instantiated

private static Canvas2 ¢ = p.new Canvas2();

/INumber of letters in the n-grams

private static int n;

/INumber of n-grams

private static int N;

/[DataBase: if n=4, assigned memory must

//lbe increased 100 times

private static Boolean SelfEnglish[] =

new Boolean[450000];

/[Training text. A StringBuffer is a heavy duty String.

private static StringBuffer trainingText ;

/ITest text

private static StringBuffer testerEng, testerGer;

/[English + German chars, only the most informative

private static String Alphabet =
"AABCDEFGHIJKLMNOPQRSTUVWXYZ" +

"a abcdefghijklmno  opqrstu  uvwxyzR3";

private static int lengthAlf;

private static int nTrainingText, nTesterEngText,
nTesterGerText, nTrainingSample,
nTesterEngSample, nTesterGerSample;

private static double propSelf, propTest;



private
private
private
private
private
private
private
private

static
static
static
static
static
static
static
static

/IMachine to

private

static
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Boolean printAll, printTables;
int amplificationY;
double scale;
int graphNumber;
int Points[][] = new int[100][3];
int Xmax, ymax;
int deltaX, deltaY, nPoints;
int deltaLearningText, deltaTestingText;
read from the hard disk
Scanner input;

[ Fkxxkdkkxkdhrrrkk MA N F* &Kk FekdekkFekxkxk

public static void main( String args[] )

{

System.out.printin("Please, wait for a while");
/lletters per n-gram

n=3;

/[The size of learning text is incremented by this
deltaLearningText = 20000;
/[The size of testing text is incremented by this
deltaTestingText = 20000;
/IGraphical scale = 1 for normal size.
= 0.15;
/[To print all, change to true
printAll = false;
/[To print numeric results, change to true
printTables = false;
/llength of the Alphabet
lengthAlf = Alphabet.length();

scale

System.out.printin( "\nLetters per n-gram = " + n );
System.out.printin( "Lenght of the alphabet = " +
lengthAlf);

/lLength of Self
N = (int) Math.pow(lengthAlf, n); ;
System.out.printin( "Number of n-grams in vector " +

"SelfEng = " + N);

/IThe coordinates of points for graphics are set to zero.
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initialize();

readTexts();

/[The JFrame is constructed with a title

JFrame f = new JFrame( "Language identifier" );

/[Control is passed to the painting class ¢ (Canvas)

f.add( c, BorderLayout.CENTER );

f.add( new JLabel("English (RED) vs. German (BLUE)"),
BorderLayout.SOUTH );

f.setDefaultCloseOperation( JFrame.EXIT_ON_CLOSE );

f.setSize( 1050, 250 );

f.setVisible( true );

/I File is opened
private static void openFile(String path)

/ltry and catch pair
try
{

}

catch ( FileNotFoundException fileNotFoundException )

{

input = new Scanner( new File( path ) );

System.err.printin( "File does not exists." );
System.exit( 1 );

}

/I File is read
public static StringBuffer readData()
{
StringBuffer text = new StringBuffer("™);
/ltry and catch pairs

try

{

while ( input.hasNext() )

{
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text = text.append(input.next());
/llinsert a space among words
Illtext = text.append(" ");
}
}
catch ( NoSuchElementException elementException )
{
System.err.printin( "File is corrupted.” );
input.close();
System.exit( 1 );
}
catch ( IlllegalStateException stateException )
{
System.err.printin( "Reading aborted.” );
System.exit( 1 );
}
return text;

}

I/l File is closed
private static void closeFile()

{
if ( input !'= null )
input.close(); //
}
private static StringBuffer getText(String path)
{

StringBuffer text = new StringBuffer(");
openFile(path);
text = readData();
closeFile();
return text;
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/[====Make the changes through your own paths=====

/IReading second author in English
private static void readSecondAuthor()

{
String path = "/homel/jose/jose/AAjoser/Ciencia/" +
"ImmuneDistances/SamuelButler.txt";
testerGer = getText(path);
}

/IA first book is read.

/[The first part is the training text.

/[The second half is the contrasting text

/[SecondBook is read.

private static void readTexts()

{

String path = "/homel/jose/jose/AAjoser/Ciencia/" +
"ImmuneDistances/BookDelight.txt";

StringBuffer firstBook = getText(path);

int nFirstBook = firstBook.length();
System.out.printin( "Lenght of firstBook = " +
nFirstBook);

/[TrainingText is the first part of firstBook;

int nFirstBookHalf = nFirstBook/2;

/[TrainngText is the first part of first book,

/ldelete second part.

trainingText =

firstBook.delete(nFirstBookHalf,nFirstBook);

nTrainingText = trainingText.length();

System.out.printin( "Lenght of trainingText = " +
nTrainingText);

String s = trainingText.substring(0, 100);

System.out.printin("First chars of trainingText " +s);
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l[TesterText is the second part of firstBook.

/IReread firstBook (no other solution was found)

firstBook = getText(path);

/ltesterBook is the second part (first is deleted).

/ldelete first part

testerEng = firstBook.delete(0, nTrainingText);

System.out.printin( "Lenght of secondPart = " +

firstBook.length());

s = testerEng.substring(0, 100);

System.out.printin("First chars of the second part" +
" of first author " + s);

readSecondAuthor();

nTesterGerText = testerGer.length();

System.out.printin( "Lenght of testerGer = " +

nTesterGerText);
s = testerGer.substring(1000, 1100);
System.out.printin("Sample text from secong author " + s);

//Mandatory initialization
private static void initialize()

{
for(int i = 0; i < 100; i++)
for(int j = 0; j < 2; j++)
Points[i][j] = O;
}

//SelfEng contains all possible n-grams.
private static void initializeSelf(long N)
{

for(int i = 0; i< N; i++)

SelfEnglish[i] = true;
}

/IReturns the index  of the n-gram ngram.
//An n-gram is a string with n chars taken from Alphabet.
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/[Take ngram as a number in base = length of the Alphabet.

/[The index is that number in base 10.
private static int index(int n, String ngram)

{

char c1 =" ’;

int p = 0;

int ind = O;

boolean correct = true;

for(int i = 0; (i <n) & correct; i++)

{
cl = ngram.charAt(i);
p = Alphabet.indexOf(cl);
if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else
{

ind = -1;

/[Detecting the presence of an alien symbol

correct = false;
}

}

if (printAll)

System.out.print( "ngram = " + ngram + " index = "

+ ind);

return ind;

}

/[The boolean vector Self records the identity

/lof the training text.

/IAt the beginning, every entry of Self is set to TRUE.
/[[Each n-gram is given an index, a number that
/lidentifies it in the boolean vector Self.

/[The index of each n-gram of the trainingText is
/[calculated and the corresponding entry in Self is
Illset to false.

/[The variable nTrainingSample decides

/lhow many chars of trainingText are taken.
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private static void DefinitionOfSelf(int n,
int nTrainingSample,
StringBuffer trainingText)

initializeSelf(N);

nTrainingText = trainingText.length();

int m = Math.min(nTrainingText, nTrainingSample);
int start = O;

int ind = O;
for(int c=0; ¢ < m-n+1; c++)
{
String ngram = trainingText.substring(start,

start+n);
ind = index(n,ngram);
/lif a given char of an n-gram is not in
/lthe alphabet, its index is negative:
/lyou must enlarge the alphabet else ignore it.
if (ind >0)
SelfEnglish[ind] = false;
start = start +1,

}

}

I
/IThe n-grams of testText are compared against
/lthose of the trainingText, whose structure was kept at
//SelfEnglish. The proportion of non-self n-grams
/lis reported. nSample chars are taken from testText.
private static double runTest(StringBuffer testText,
int nSample)
{

if (printAll)

System.out.printin( "Alien n-grams");
int counter = 0;

int 11 = testText.length();

int m = Math.min(l1, nSample);

int start = O;
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int ind = O;
for(int c=0; ¢ < m-n+1; c++)
{
String ngram = testText.substring(start,
start+n);
ind = index(n,ngram);
if (ind >=0)
{
if ( SelfEnglish[ind] == true)
{
counter++ ;
if (printAll)
{
System.out.print(" alien”);
}
}

if (printAll)  System.out.printin();
start = start +1,;

}

double prop = counter;
prop = prop / (m-n+1);
return prop;

}

/[The training text is studied

private static void learning(int n,
int nTrainingSample,
StringBuffer trainingText)

System.out.printin( "\nNumb of chars taken from" +
" trainngText = " + nTrainingSample);
DefinitionOfSelf(n,nTrainingSample, trainingText );

}

/IA second text in English is studied
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private static double calibration(StringBuffer testText
int nSample)
{

propSelf = runTest(testText, nSample);

return propSelf;

}

/A text in German is classified as self else not-self
private static double testing(StringBuffer testText,

int nSample)
{

propTest = runTest(testText, nSample);
return propTest;

}

//Main operational work
private static void work()
{
learning(n,nTrainingSample, trainingText );
if (printTables)
{
System.out.printin("LT = Length of testing text");
System.out.printin("PropEng = proportion of alien " +
"n-grams in testerEng");
System.out.printin("PropGer = proportion of alien " +
"n-grams in testerGer");

System.out.printin("LT \t PropEng \t PropGer");
}

boolean go = true;

nPoints = O;

for(int h = 0; go; h++)

{

//[How many chars of testerEng must be taken
nTesterEngSample = deltaTestingText * h;

propSelf = calibration(testerEng,nTesterEngSample);
/[How many chars of testerGer must be taken
nTesterGerSample = deltaTestingText * h;
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propTest = testing(testerGer, nTesterGerSample);
double difference = propTest - propSelf;

if (printTables)

System.out.printin( nTesterEngSample + "\t"

+ propSelf+ "\t"+ propTest+ "\t" + difference);
Points[h][0] = nTesterEngSample ;

amplificationY = 100;

Points[h][1] =
(int) Math.round(propSelf * amplificationY);
Points[h][2] =
(int) Math.round(propTest * amplificationY);

if ( (nTesterEngSample > testerEng.length()) ||
(nTesterGerSample > testerGer.length() ))

go = false;

nPoints = nPoints +1;

/[This is the painting class
public class Canvas2 extends JPanel

{

private static final long serialVersionUID = 1L;

/IConstructor
public Canvas2()
{
/linitializes the frame;
repaint();

}

/[Data of a graphic is normalized to be placed
/lin a given rectangle
private void rescale( int[][] PointsD)

{
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/Iscale factor are defined

double fx;

double fy;

Xxmax Math.min(nTesterEngSample,nTesterGerSample);
ymax = amplificationY;

double rxmax = xmax;

double rymax = ymax;

fx = 150 = scale / rxmax;

fy = -170 =+ scale / rymax;

int tx = 0;

int ty = (int) (scale * 170);

/[Scaling formulae
/ISystem.out.printin("Coordinates in the graphic");

for(int i = 1; i < nPoints; i++)

{
Points[i][0] = (int) (PointsDJi][0] * X +tX);
Points[i][1] = (int) (PointsD[i][1] *fy +ty);
Points[i][2] = (int) (PointsD[i][2] *fy +ty);
/| * System.out.printin( Points[i][0] + "\t"
+ Points[i][1]+ "\t"+ Points[i][2]); */

}

}

/[The graphic is drawn
private void draw(Graphics g )

{

IAxes

g.setColor(Color.BLACK);

g.drawLine(deltaX, 0, deltaX, (int) (170 * scale));
g.drawLine(deltaX, (int) (170 * scale),

deltaX + (int ) (150 *scale),
(int) (170  =*scale));
g.setColor(Color.RED);
/[Prop of alien n-grams in English Text
for(int count = 1; count < nPoints-1; count++)
g.drawLine(Points[count][0]+deltaX,



282 ANSWERS TO EXERCISES

Points[count][1]+deltaY,
Points[count+1][0]+deltaX,
Points[count+1][1]+deltaY);

g.setColor(Color.BLUE);

/[Prop of alien n-grams in German Text

for(int count = 1; count < nPoints-1; count++)
g.drawLine(Points[count][0]+deltaX,

Points[count][2]+deltaY,

Points[count+1][0]+deltaX,

Points[count+1][2]+deltaY);

//Graphic number

g.drawString(""+ graphNumber, 10 + deltaX,
(int) (scale * 186 + 10));

}

/IA footnote is drawn
private void footnote(Graphics g )
{
g.drawString("Length of Training text = " +
deltaLearningText + " * graphNumber”,
10, 180 + 10);
g.drawString("Proportion of alien"+ n + "-grams as " +
" a function of the length of tested material. " +
"Vertical scale: from 0 to 1." +
"Horizontal scale: from 0 to " + xmax, 10, 204);

//[Redraws graphics when either ¢ or repaint() is called
public void paintComponent( Graphics g )

{
deltaX = O;
delta¥ = O;

/lgo is the condition for halting the for-loop:
/lthe studied sub-text must not be larger than
/lthe complete training text

boolean go = true;



for(int i = 1; go; i++)

{

System.out.printin( "\n Fkkkkk Ak

F " kkkkkkkk ") :

//INumber of graphic
graphNumber = i,

/lLength of studied testing texts
nTrainingSample = deltaLearningText

//IComputations

work();

//Adjusting to scale
rescale(Points);

/[Draw a graphic

draw(g);

//Shifts horizontally

deltaX = deltaX + (int) (scale

/If training test is coped with, halt
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GRAPHIC NUMBER " + i

* graphNumber;

* 200);

if (nTrainingSample > nTrainingText) go = false;

}

footnote(g);

}

Y/ end of class Canvas
}Y/lend of main class 136 TwoAuthors

Problems of Chapter 2
53, pag. 101.

This is our proposal: Let E be the set that contains the 18 omystmon
n-grams that are distinctive of English. Let G be the set¢batains the 18
most common n-grams that are distinctive of German. Let hbeét with
the n-grams of the text that is given for scrutiny: if the nstection of T and
E has more elements than that of G and T, the text is writtemigligh,
otherwise it is in German. We claim that our method is simgiesct, fair

and proficient. The code follows:

/ * Program 153 SDDiscriminator

We use the symmetric distance between sets
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together with the most common n-grams in a text
to discriminate whether a set is written

in English else in German. It

mimics what a human being does when recognizing
at once that a text is in English else in German.

The program has four steps:

Step one:

Two texts are given for examination.
All n-grams of each text are captured
and their absolute

frequencies are recorded.

This operation is done with the help
of an indexing procedure.

Step two:

The most common  words, up to certain limit,
are picked up

and this defines two sets A and B.

The elements that make the difference are listed.
Example: A = {1,2,3,4,5} and

B = {4,5,6,7,8,9}.

The set with the elements that make the difference
is Delta = {1,2,3,6,7,8,9}.

This set consists of those elements

that are in A but not in B

joined to the elements that are in

B but not in A.

Step three:

The symmetric distance between

the two texts is defined as

the number of elements in Delta, 7 in our example.

Step four, discrimination properly:
Let E be the set that contains the 10 most common
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n-grams that are distinctive of English.

Let G be the set that contains the 10 most common
n-grams that are distinctive of German.

Let T be the set with the n-grams of the text

that is given for scrutiny: if the intersection

of T and E has more elements than that of G and T,
the text is written in English, otherwise it is in German.

*/

import java.io.File;

import java.io.FileNotFoundException;
import java.util.NoSuchElementException;
import java.util.Random;

import java.lang.lllegalStateException;
import java.util.Scanner;

public class SDDiscriminator

{

private static final long serialVersionUID = 1L;

/IThe application is instantiated
static SDDiscriminator p = new SDDiscriminator();

/IEnglish + German chars, only the most informative
private static String Alphabet =
"A ABCDEFGHIJKLMNOPQRSTUVWXYZ" +
"a abcdefghijkimno  opqrstu  UvwxyzR3";
/llength of the Alphabet
private static int lengthAlf = Alphabet.length();
/lletters per n-gram
private static int n=3;
//INumber of n-grams
private static int N = (int) Math.pow(lengthAlf, n);
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[[======= Inner class intVector ========
/[This inner class defines a vector with
/linteger numbers as a new type
private class intVector2
{
int L = (int) Math.pow(lengthAlf+1, n);
int F[] = new int[L];

/IAn instance of intVector can be
/linitialized in various ways:

/[Automatic zeroed initialization
intVector2( )
{
for(int i = 0; i < L; i++)
Flil = 0;
}

/lInitialization by cloning from A
intVector2(intVector2 A)
{

for(int i = 0; i < L; i++)

F[i] = A.F[i];

Hlend of class intVector

/IThe frequency of appearance of n-grams in the text.
/Nf n>3, the assigned memory must be expanded
private static intVector2 freql, freq2
= p.new intVector2();
private static intVector2 Commonl, Common2
= p.new intVector2();

/[Training text. A StringBuffer is a heavy-duty String.
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private static StringBuffer EngTextl, EngText2,
GerText, randText;

private static Boolean withBlanks;
//INumber of studied common words
private static int nCommon,;

private static int nEngTextl, nEngText2,
nGerText, nText;
private static Boolean printAll;

//IMachine to read from the hard disk
private static Scanner input;

//Generator of random numbers
private static Random r = new Random();

]| Fkkxrskkxkdkkk IMLAT N # ke ek ke ek ek ok

public static void main( String args[] )

{

System.out.printin("Please, wait for a while");
/[To print additional information, change to true
printAll = false;

/[To include blank spaces among words
withBlanks = false;

/INumber of reported most common words
nCommon = 18;

System.out.printin( "\nLetters per n-gram = " + n );
System.out.printin( "Lenght of the alphabet = " +
lengthAlf);

System.out.printin( "Number of n-grams in vector " +
"SelfEng = " + N);

/lITest

| *

System.out.printin( "Index of AAA = " + index(3,"AAA"));

System.out.printin( "Index of AA A =" + index(3,"AA

A");
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System.out.printin( "Index of BRR = " + index(3,"BRR"));
*/

readTexts();

work();

discriminateText();

/I File is opened
private static void openFile(String path)

{
/ltry and catch pair
try
{
input = new Scanner( new File( path ) );
}
catch ( FileNotFoundException fileNotFoundException )
{
System.err.printin( "File does not exists." );
System.exit( 1 );
}
}

/I File is read
public static StringBuffer readData()
{
StringBuffer text = new StringBuffer(");
/ltry and catch pairs
try
{
while ( input.hasNext() )
{
text = text.append(input.next());
if (withBlanks)
{
/A blank space is inserted after each word
text = text.append(" ");

}
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}
}
catch ( NoSuchElementException elementException )
{
System.err.printin( "File is corrupted.” );
input.close();
System.exit( 1 );
}
catch ( lllegalStateException stateException )
{
System.err.printin( "Reading aborted.” );
System.exit( 1 );
}

return text;

}

/I File is closed
private static void closeFile()
{
if ( input !'= null )
input.close(); //

}

/[Text is gotten
private static StringBuffer getText(String path)
{
StringBuffer text = new StringBuffer(");
openFile(path);
text = readData();
closeFile();
return text;

/[====Make the changes through your own paths=====
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/[Training text in English

private static void readEngTextl()

{

String path = "/homel/jose/jose/AAjoser/Ciencia/" +
"ImmuneDistances/BookDelight.txt";

EngTextl = getText(path);

String s = EngTextl.substring(0, 100);
System.out.printin(s);

}

/IReading a second text in English.

private static void readEngText2()

{

String path = "/homel/josel/jose/AAjoser/Ciencia/" +
"ImmuneDistances/SamuelButler.txt";

EngText2 = getText(path);

}

/IReading a text in German
private static void readGerText()
{
String path = "/homel/jose/jose/AAjoser/Ciencia/" +
"ImmuneDistances/DieGKomoedie.txt";
GerText = getText(path);

}

/IA random text with | chars is composed
private static StringBuffer composeText(int L)

{

randText = new StringBuffer(");

for(int i = 0; i < L; i++4)

{

/la random integer number
int | = r.nextint(lengthAlf);
/IA random char
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char ¢ = Alphabet.charAt(l);
/lchar is appended to text
randText = randText.append(c);

}

return randText;

}

private static void readTexts()

{
if (withBlanks)

{
Alphabet = Alphabet + ' 7;
N = Alphabet.length();

}
readEngTextl();
nEngTextl = EngTextl.length();
System.out.printin( "Lenght of trainingText = " +
nEngTextl);
readEngText2();
nEngText2= EngText2.length();
System.out.printin( "Lenght of testerEng = " +
nEngText2);
readGerText();
nGerText = GerText.length();
System.out.printin( "Lenght of testerGer = " +
nGerText);
}
//:::::::::::::::::::::::::::::::::::::::::::

/IReturns the index  of ngram in F[] vectors.

//An n-gram is a string with n chars taken from Alphabet.
/[Take it as a number in base = length of the Alphabet.
/[The index is that number in base 10.

private static int index(int n, String ngram)
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char c1 =’ 7
int p = 0;
int ind = 0;
boolean correct = true;
for(int i = 0; (i <n) & correct; i++)
{
cl = ngram.charAt(i);
p = Alphabet.indexOf(cl);
if (p>=0)
ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else
{
ind = -1;
correct = false;

}

}

if (printAll)

System.out.printin( "ngram = " + ngram + " index = "
+ ind);

return ind;

}

/IReturns the n-gram corresponding to index ind
/[This is the inverse operation of index()
private static String indexInverse(int n, int ind)

{
char c1 ="~
int p = 0;
String ngram = "™
int k = 0;
int indl = ind;
/ISystem.out.printin("\n = " + n);
for(int i = n-1; i > -1; i--)
{

/ISystem.out.printin(" % \nlndex = " + indl);
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k = (int ) (Math.pow(lengthAlf, i));

[ISystem.out.printin("k = " + K);
if( k <= indl)

{

p = indl / k;
[ISystem.out.printin("p = " + p);

cl = Alphabet.charAt(p);
if (withBlanks)

/IReplace blank by a visible symbol

if (cl =="") cl = (int) (765);
}
indl = indl - p *K;
}
else cl = A
/ISystem.out.printin("cl = " + cl);
ngram = ngram+cl ;
}
| *
if (printAll)
System.out.printin( "ngram = " + ngram +
" index =" + ind); * [
return ngram;
}
| *
This procedure records in F the
frequency of appearance of n-grams in the given Text.
Each n-gram is given an index, a number that
identifies it in the vector F.
At the beginning, every entry of F is set to O.
The index of each n-gram of the Text is
calculated and the corresponding entry in F is
incremented by one.
*/

private static intVector2 nGramsFrequency(int n,



294 ANSWERS TO EXERCISES

StringBuffer Text)

/[Zeroed initialization
intVector2 F = p.new intVector2();
nText = Text.length();

int start = O;
int ind = O;
for(int c=0; ¢ < nText-n+1; c++)
{
String ngram = Text.substring(start, start+n);

ind = index(n,ngram);

/lif a given char of an n-gram is not in

/lthe alphabet, its index is negative:

/lyou must enlarge the alphabet else ignore it.
/[/We ignore it.

if (ind >0)

F.Flind] = F.F[ind] + 1,

start = start +1,

}
return F;
}
/[Returned vector contains the indexes of most frequent n-g rams.
private static intVector2 commons(int n, intVector2 F)
{
intVector2 h = p.new intVector2(F);
intVector2 C = p.new intVector2();
int Max;
String s;
for(int counter = 0O; counter < nCommon; counter++)
{
Max = 0;

/[Find the max
for(int i = 0; i < N; i++)

if (h.F[i] > h.F[Max] ) Max = i,
/In-gram associated to Max
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s = indexInverse(n, Max);

[ISystem.out.print(s + " ");

System.out.printin(s + "("+ Max + ") " +
"Freq = " + h.F[Max] + " ");

/[The max leaves the game
h.F[Max] = 0;

/[The Max is recorded
C.F[counter] = Max;

}

return C;

}

//The symmetric distance among two sets
/I of integers C1 and C2 is calculated.
//Both sets have the same number of elements = nCommon.

private static int distance(int nCommon,
intVector2 C1, intVector2 C2)
{

for(int i = 0; i < nCommon; i++)

{

for(int j = 0; j < nCommon,; j++)

/IA coincidence is deleted
/l[(an index appears in both vectors)
if (CL.F[j] == C2.F[i])
{
C1l.F[j] = -1;
C2.F[i] = -1,

}

}
}

int d = 0;

System.out.printin("Elements in A but not in B " +
"with their frequencies");
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int counterl = O;
for(int i = 0; i < nCommon; i++)
if (CL.F[i] > 0)
{
d = d+1;
counterl++;
System.out.printin(counterl +
+ " "+ freql.F[CL1.F[i]]);
}
System.out.printin("Elements in B but not in A " +
"with their frequencies");
int counter2 = O;

for(int i = 0; i < nCommon; i++)
if (C2.F[i] > 0)

{

d = d+1;
counter2++;
System.out.printin(counter2 +
+ " "+ freq2.F[C2.F[i]]);
}

return d;

}

/[The correctness of the program hangs
/lon the index and indexInverse functions.
//One is the inverse of the other.
/[Test at random
private static void runTestl1()
{
/[Test for index functions
System.out.printin("\nTest for index functions. index()
+ "\nand indexInverse() must" +
" be inverse one to another");
System.out.printin("Initial ngram + " +
"\t Initial index + \tFinal ngram \n");
for(int i = 0; i < 1000; i++)
{
String si = composeText(3).toString();

+ indexInverse(n,C1.F[

+ indexInverse(n,C2.F[
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System.out.print( si + "\t");

int indl = index(3,si);

System.out.print( ind1 + "\t");

String sf = indexinverse(3, indl);

System.out.print(  sf+ "\t");

if (si.equals(sf)) System.out.print( "Equal n-grams ");
else System.out.print( "Different n-grams " );

int ind2 = index(3,sf);

System.out.print( ind2 + "\t");

if (indl == ind2) System.out.printin(" Equal indexes ");
else System.out.printin( "Different indexes " );
}

}

/IThe correctness of the program hangs

/lon the index and indexInverse functions.

//One is the inverse of the other.

/[Test on demand.

private static void runTest2()

{

/[Test for index functions

System.out.printin("\nTest for index functions. index()

"“\n and indexInverse() must be inverse one to another");

/IString si = "RBRE";

String si = "BZn";

System.out.print( si + "\t");

int indl = index(3,si);

System.out.print( ind1 + "\t");

String sf = indexinverse(3, indl);

System.out.print(  sf+ "\t");

if (si.equals(sf)) System.out.printin("Equal n-grams")
else System.out.printin( "Different n-grams" );

int ind2 = index(3,sf);

System.out.print( ind2 + "\t");

if (indl ==ind2) System.out.printin( " Equal indexes");

else System.out.printin( "Different indexes" );
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indl = 151393,

System.out.print( ind1 + "\t");

si = indexInverse(3, indl);

System.out.print(  si+ "\t");

ind2 = index(3,si);

System.out.print( ind2 + "\t");

if (indl == ind2) System.out.printin(" Equal indexes ");

else System.out.printin( "Different indexes" );

sf = indexInverse(3, ind2);

System.out.print( sf + "\t");

if (si.equals(sf)) System.out.printin("Equal n-grams ")
else System.out.printin( "Different n-grams" );

indl = 151392;
System.out.print( ind1 + "\t");
si = indexInverse(3, indl);

System.out.print(  si+ "\t");

ind2 = index(3,si);

System.out.print( ind2 + "\t");

if (indl == ind2) System.out.print(" Equal indexes ");

else System.out.print( "Different indexes" );

sf = indexInverse(3, ind2);

System.out.print( sf + "\t");

if (si.equals(sf)) System.out.printin("Equal n-grams")
else System.out.printin( "Different n-grams" );

indl = 151394,

System.out.print( ind1 + "\t");

si = indexInverse(3, indl);

System.out.print(  si+ "\t");

ind2 = index(3,si);

System.out.print( ind2 + "\t");

if (indl == ind2) System.out.print( " Equal indexes ");

else System.out.printin( "Different indexes" );

sf = indexInverse(3, ind2);

System.out.print( sf + "\t");

if (si.equals(sf)) System.out.print( "Equal n-grams ");
else System.out.printin( "Different n-grams" );
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}

/IList of all n-grams and their indexes
private static void runTest3()

{
for(int i = 000; i < 1000; i++)
{
String si = indexInverse(3,i);
int ind = index(n,si);
System.out.printin(i + " " + si + " " + ind);
}
}

//Operative part

private static void work()

{

/IA test for correctness is done.
Boolean Test = false;

if (Test) runTest3();

else

{
if (withBlanks)

{
char ¢ = (int) (765);
System.out.printin("Each blank is replaced by " + c);
}
/[The frequency of n.grams in EngTextl is calculated
freql = nGramsFrequency(n, EngTextl);
String nGram = "and";
int ind = index(n,nGram);
| *
System.out.printin("\nTest: Frequency in EngTextl " +
"of n-gram " + nGram + " = " + freql.F[ind]);
*/
/[The nCommon most common n-grams are picked up
System.out.printin("\nA = " + nCommon + " most common
+ n +
"-grams with their indexes " +
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"\nand frequencies in EngTextl");
//The indexes of most common n-grams in EngTextl
/lare recorded in Coomonl
Commonl = commons(n,freql);
/ *freq2 = study(n, EngText2);

System.out.printin(\n* + "B = " + nCommon +
" most common " + n
+ "-grams with their indexes " +
"and frequencies in EngText2"); * [
/[The frequency of n.grams in GerText is calculated
freq2 = nGramsFrequency(n, GerText);
| *
System.out.printin("\nTest: Frequency in GerText" +
" of n-gram " + nGram + " = " + freq2.F[ind]);
* [
//The nCommon most common n-grams are picked up
System.out.printin(\n* + "B = " + nCommon +
" most common " + n
+ "-grams with their indexes " +
"\nand frequencies in the German text");
/IThe indexes of most common n-grams in EngTextl
/lare recorded in Common2
Common2 = commons(n,freq2);
System.out.printin("\nList of not coincident n-grams");
int d;
d = distance(nCommon, Commonl, Commonz2);
System.out.printin("The symmetric distance between " +
"the two texts is " + d);
System.out.printin(" for the " + nCommon +
" most common " +
n + "-grams" );

Hlend of else

}

/[The language in which a given text s
[lwritten is discriminated: English else German
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private static void discriminate(String text)
{
System.out.printin("\nText to discriminate");
System.out.printin(text + "\n");
int counterEnglish = 0;
int counterGerman = O;
int m = text.length();
int start = O;
boolean isIinEnglish = false;
boolean isInGerman = false;
for(int c=0; ¢ < m-n+1; c++)
{
String ngram = text.substring(start,start+n);
System.out.print(ngram);
for (int i = 0; i < 18; i++)
{
if (indexInverse(n,Common1l.F[i]).equals(ngram))
{
counterEnglish++;
isInEnglish = ftrue;
}
if (indexInverse(n,Common2.F[i]).equals(ngram))
{
counterGerman++;
isinGerman = true;

}

}

if (isinEnglish == true)

System.out.print(" very common in English ");

else System.out.print(" not very common in English ");
if (isinGerman == true)

System.out.print(" very common in German ");

else System.out.print(" not very common in German ");
System.out.printin();

start = start +1;

isinEnglish = false;

isinGerman = false;

}
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System.out.printin("Number of nGrams in text = " + m);

System.out.printin("Number of nGrams in English only = " +
counterEnglish);

System.out.printin("Number of nGrams in German only= " +

counterGerman);

if (counterEnglish > counterGerman)

System.out.printin("\nThe text is written in English™);

else System.out.printin("\nThe text is written in German"

/[Discriminating Manager
private static void discriminateText()
{

String textl = "A historian says Saudia Arabia’'s " +
"\ndemolition of an Ottoman Empire-era portico " +
"\nat Mecca, Islam’s holiest site, to make way " +
“\nfor more pilgrims is cultural vandalism" +
"\n -- and that ultra-conservative Wahhabism" +
"\n is partly to blame. " ;

String text2 = "Aul3enminister Laurent Fabius sagte" +
"\n in Paris, der Milit areinsatz solle ab April " +
"“\nunter der F  uhrung der Vereinten Nationen laufen®;

/[Zeroed initialization

discriminate(text2);

/[discriminate(text2);

}

Ylend of main class 153 SDDiscriminator

Problems of Chapter 3

61, pagerefl61. A possible code for a test is the following:

/ = Program 161 EuclideanDistanceTest
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A test to the task below is carried.
To that aim, the program is tested over
a pair of simple strings.

The program calculates the Euclidean n-gram distance
between two given small strings.
The answer is known beforehand, so this is a test.

The program has three steps:

Step one:

The frequencies of n-grams captured from a given text
defines an n-tuple, an element of the form
(al,a2,...,an). The whole operation projects the text
into R°n, the set of n-tuples.

This operation is done with the help

of an indexing procedure.

Step two:

Two texts are given for examination.
All n-grams of each text are captured
and their absolute

frequencies are recorded.

Step three:

The Euclidean n-gram distance between the two given texts
is defined as the Euclidean distance between

the n-tuples of absolute frequencies of n-grams.

*/

import java.io.File;
import java.io.FileNotFoundException;
import java.util.NoSuchElementException;
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import java.lang.lllegalStateException;
import java.util.Scanner;

public class EuclideanDistanceTest

{

/IThe application is instantiated
static EuclideanDistanceTest p = new EuclideanDistanceTe

/[English + German chars, only the most informative
private static String Alphabet =

"A ABCDEFGHIJKLMNOPQRSTUVWXYZ" +

"a abcdefghijkimno  opqrstu  uvwxyz3";
/llength of the Alphabet
private static int lengthAlf = Alphabet.length();
/lletters per n-gram
private static int n=3;
/INumber of n-grams
private static int N = (int) Math.pow(lengthAlf, n);

[[======= Inner class intVector ========
/[This inner class defines a vector with
/linteger numbers as a new type
private class intVector4
{
int L = (int) Math.pow(lengthAlf+1, n);
int F[] = new int[L];

/[An instance of intVector can be
/linitialized in various ways:

/IAutomatic zeroed initialization
intVector4( )
{
for(int i = 0; i < L; i++4)
F[li] = O,
}

st();



}Ylend of class intVector

/IThe frequency of appearance of n-grams in the text.
IIf n>3, the assigned memory must be expanded

private static intVector4 freql, freq2
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= p.new intVector4(),

/[Training text. A StringBuffer is a heavy-duty String.

private static StringBuffer EngTextl, EngText2,
GerText;

private static Boolean withBlanks;

private static int nEngTextl, nEngText2,
nGerText, nText;
private static Boolean printAll;

//IMachine to read from the hard disk
private static Scanner input;

//Test with simple strings
private static boolean test = false;

private static StringBuffer s1,s2;

I R R E M AN F*HxxkxFex K xxk

public static void main( String args|] )

{

System.out.printin("Please, wait for a while");
/[To print additional information, change to true
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printAll = true;
/[To include  blank spaces among words
withBlanks = false;

System.out.printin( "\nLetters per n-gram = " + n );
System.out.printin( "Lenght of the complete alphabet = " +
lengthAlf);

System.out.printin( "Number of n-grams in vector " +
"SelfEng = " + N);

/[The test is included

test = true;

if (test) readTextsTest();

else readTexts();

work();

}

/IA test over simple pairs of strings is carried out

private static void readTest()

{

/IVery short alphabet

Alphabet = "ab";

lengthAlf = Alphabet.length();

/[Number of n-grams

N = (int) Math.pow(lengthAlf, n);

System.out.printin( "Number of n-grams short alphabet = " + N);
sl = new StringBuffer ( "aaaaaaaaaaaaaaaaa" ) ;

s2 new StringBuffer ( "aaaaababaabbbaababbbabbb" ) ;
}

private static void readTextsTest()

{

readTest();

EngTextl = s1,

GerText = s2;

nEngTextl = EngTextl.length();

System.out.printin( "EngTextl = " + EngTextl +

", Lenght =" +

nEngTextl);
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nGerText = GerText.length();
System.out.printin( "GerText = " + GerText +
", Lenght = " +

nGerText);

/I File is opened
private static void openFile(String path)

{
/ltry and catch pair
try
{
input = new Scanner( new File( path ) );
}
catch ( FileNotFoundException fileNotFoundException )
{
System.err.printin( "File does not exists." );
System.exit( 1 );
}
}

/Il File is read
public static StringBuffer readData()
{
StringBuffer text = new StringBuffer(");
/ltry and catch pairs
try
{
while ( input.hasNext() )
{
text = text.append(input.next());
if (withBlanks)
{
/A blank space is inserted after each word
text = text.append(" ");

}
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}
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}
}
catch ( NoSuchElementException elementException )

{
System.err.printin( "File is corrupted.” );
input.close();
System.exit( 1 );
}
catch ( lllegalStateException stateException )
{
System.err.printin( "Reading aborted.” );
System.exit( 1 );
}

return text;

File is closed

private static void closeFile()

{

}

if ( input !'= null )
input.close(); //

/[Text is gotten
private static StringBuffer getText(String path)

{

StringBuffer text = new StringBuffer(");

openFile(path);
text = readData();
closeFile();

return text;

/[====Make the changes through your own paths=====
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/[Training text in English

private static void readEngTextl()

{

String path = "/homel/jose/jose/AAjoser/Ciencia/" +
"ImmuneDistances/BookDelight.txt";

EngTextl = getText(path);

String s = EngTextl.substring(0, 100);

System.out.printin(s);

}

//[Reading a second text in English.

private static void readEngText2()

{

String path = "/homel/josel/jose/AAjoser/Ciencia/" +
"ImmuneDistances/SamuelButler.txt";

EngText2 = getText(path);

}

//[Reading a text in German
private static void readGerText()
{
String path = "/homel/josel/jose/AAjoser/Ciencia/" +
"ImmuneDistances/DieGKomoedie.txt";
GerText = getText(path);

}

private static void readTexts()

if (withBlanks)
{
Alphabet = Alphabet + ' 7
N = Alphabet.length();

}
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readEngTextl();
nEngTextl = EngTextl.length();
System.out.printin( "Lenght of trainingText = " +
nEngTextl);
readEngText2();
nEngText2= EngText2.length();
System.out.printin( "Lenght of testerEng = " +
nEngText2);
readGerText();
nGerText = GerText.length();
System.out.printin( "Lenght of testerGer = " +
nGerText);
}
//:::::::::::::::::::::::::::::::::::::::::::

/IReturns the index  of ngram in F[] vectors.

/[An n-gram is a string with n chars taken from Alphabet.
/[Take it as a number in base = length of the Alphabet.
/[The index is that number in base 10.

private static int index(int n, String ngram)

{

char c1 = ' ’;

int p = 0O;

int ind = O;

boolean correct = true;

for(int i = 0; (i <n) & correct; i++)

{

cl = ngram.charAt(i);

p = Alphabet.indexOf(cl);

if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else

{

ind = -1;

/IDetecting the presence of an alien symbol



correct = false;

}
}
if (printAll)
System.out.printin( "ngram = " + ngram + " index ="
+ ind);
return ind;

}

| *
This procedure records in F the
frequency of appearance of n-grams in the given Text.
Each n-gram is given an index, a number that
identifies it in the vector F.
At the beginning, every entry of F is set to O.
The index of each n-gram of the Text is
calculated and the corresponding entry in F is
incremented by one.

*/

private static intVector4 nGramsFrequency(int n,

StringBuffer Text)
{

/[Zeroed initialization
intVector4 F = p.new intVector4();
nText = Text.length();

int start = O;
int ind = O;
for(int c=0; ¢ < nText-n+1; c++)
{
String ngram = Text.substring(start, start+n);

ind = index(n,ngram);

/lif a given char of an n-gram is not in

/lthe alphabet, its index is negative:

/lyou must enlarge the alphabet else ignore it.
//We ignore it.

if (ind >= 0)

F.Flind] = F.F[ind] + 1,

start = start +1,

311
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}

return F;

}

/IThe Euclidean distance among two vectors of integer type
/l(declared as an object intVector3) is calculated
private static double euclideanDistance(int N,
intVector4 vectl, intVector4 vect2)
{

double sum =
double d = 0O;
if (printAll)
System.out.printin("Frequency vectors to compare");
for(int i = 0; i < N; i++)
{
long a = vectl.F[i]-vect2.FJi];
sum = sum + & a;
d = Math.sqgrt(sum);
if (printAll)
System.out.printin(vectl.F[i] + " " + vect2.F[i]);
}

return d;

}

//Operative part
private static void work()

{
if (withBlanks)

{
char ¢ = (int) (765);
System.out.printin("Each blank is replaced by " + c);

}
/[Frequencies of n-grams in EngTextl are calculated
if (printAll)
System.out.printin("\nn-gram analysis of EngText1");
freql = nGramsFrequency(n, EngTextl);
if (printAll)

0;
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{

System.out.printin("Frequencies of n-grams");
for(int i = 0; 1 < N; i++)
System.out.printin(freq1.F[i]);
System.out.printin();
}
System.out.printin("\nn-gram analysis of GerText");
freg2 = nGramsFrequency(n, GerText);

if (printAll)

{

System.out.printin("Frequencies of n-grams");
for(int i = 0; i < N; i++)

System.out.printin(freq2.F([i]);
System.out.printin();

}

//[Euclidean distance between freql and freq2 is calculated
double d = euclideanDistance(N, freql,freq2);
System.out.printin("\nThe Euclidean n-gram distance bet

"the two texts is " + d);

}

}Ylend of main class 161 EuclideanDistanceTest

62, pag. 115

/ * Program 162 EuclideanDistanceFull

This program calculates the Euclidean n-gram distance
between two given texts.

The program includes the possibility to make a test
over a pair of simple strings.

The program also allows the synthesis of random texts,
composed as concatenation of chars picked at random
from the given alphabet.

ween

+
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The program has three steps:

Step one:

The frequencies of n-grams captured from a given text
defines an n-tuple, an element of the form
(al,a2,...,an). The whole operation projects the text
into R°n, the set of n-tuples.

This operation is done with the help

of an indexing procedure.

Step two:

Two texts are given for examination.
All n-grams of each text are captured
and their absolute

frequencies are recorded.

Step three:

The Euclidean n-gram distance between the two given texts
is defined as the Euclidean distance between

the n-tuples of absolute frequencies of n-grams.

*/

import java.io.File;

import java.io.FileNotFoundException;
import java.util. NoSuchElementException;
import java.util.Random;

import java.lang.lllegalStateException;
import java.util.Scanner;

public class EuclideanDistanceFull

{

/[The application is instantiated
static EuclideanDistanceFull p = new EuclideanDistanceFu 10);
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/IEnglish + German chars, only the most informative
private static String Alphabet =
"AABCDEFGHIJKLMNOPQRSTUVWXYZ" +

"a abcdefghijkimno  opqrstu  uvwxyzR3";

/llength of the Alphabet

private static int lengthAlf = Alphabet.length();

/lletters per n-gram

private static int n=3;

//INumber of n-grams

private static int N = (int) Math.pow(lengthAlf, n);

/[=======Inner class intVector ========
/[This inner class defines a vector with
/linteger numbers as a new type
private class intVector5
{
int L = (int) Math.pow(lengthAlf+1, n);
int F[] = new int[L];

//An instance of intVector can be
/linitialized in various ways:

/[IAutomatic zeroed initialization
intVector5( )

{

for(int i = 0; i < L; i++4)
Fil = o;
}

}Ylend of class intVector

/[The frequency of appearance of n-grams in the text.
IlIf n>3, the assigned memory must be expanded
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private static intVector5 freql, freq2
= p.new intVector5();

/[Training text. A StringBuffer is a heavy-duty String.
private static StringBuffer EngTextl, EngText2,
GerText, randomText;

private static Boolean withBlanks;

private static int nEngTextl, nEngText2,
nGerText, nText;
private static Boolean printAll;

/IMachine to read from the hard disk
private static Scanner input;

/[Test with simple strings
private static boolean test = false;

private static StringBuffer s1,s2;

/IGenerator of random numbers
private static Random r = new Random();

[ Fxddkkkkkrrxnk IMLA NPk ke ok ok

public static void main( String args[] )

{

System.out.printin("Please, wait for a while");
/[To print additional information, change to true
printAll = false;

/[To include  blank spaces among words
withBlanks = false;

System.out.printin( "\nLetters per n-gram = " + n );
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System.out.printin( "Lenght of the complete alphabet = " +
lengthAlf);

System.out.printin( "Number of n-grams in vector " +
"SelfEng = " + N);

/[The test is included

test = false;

if (test) readTextsTest();

else readTexts();

int lengthRandomText = 10000;

System.out.printin( "Length of randomText =
+ lengthRandomText);

randomText = composeText(lengthRandomText);

work();

}

IIA test over simple pairs of strings is carried out

private static void readTest()
{

/IVery short alphabet

Alphabet = "ab";

lengthAlf = Alphabet.length();

//INumber of n-grams

N = (int) Math.pow(lengthAlf, n);

System.out.printin( "Number of n-grams short alphabet = " +
sl = new StringBuffer ( "aaaaaaaaaaaaaaaaa" ) ;

s2 = new StringBuffer ( "aaaaababaabbbaababbbabbb" ) ;

//A random text with | chars is composed
private static StringBuffer composeText(int L)

{
StringBuffer randText = new StringBuffer(");

for(int i = 0; i < L; i++)
{

/la random integer number
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int | = r.nextint(lengthAlf);

/[A random char

char ¢ = Alphabet.charAt(l);
/lchar is appended to text
randText = randText.append(c);

}

return randText;

}

private static void readTextsTest()

{
readTest();
EngTextl = s1,
GerText = s2;
nEngTextl = EngTextl.length();
System.out.printin( "EngTextl = " + EngTextl +
", Lenght =" +
nEngTextl);
nGerText = GerText.length();
System.out.printin( "GerText = " + GerText +
", Lenght = " +
nGerText);

/I File is opened
private static void openFile(String path)

{
/ltry and catch pair

try
{

}

catch ( FileNotFoundException fileNotFoundException )

{

input = new Scanner( new File( path ) );
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System.err.printin( "File does not exists." );
System.exit( 1 );

}

/I File is read
public static StringBuffer readData()
{
StringBuffer text = new StringBuffer(");
/ltry and catch pairs
try
{
while ( input.hasNext() )
{
text = text.append(input.next());
if (withBlanks)

/A blank space is inserted after each word
text = text.append(" ");

}
}
}
catch ( NoSuchElementException elementException )

{
System.err.printin( "File is corrupted.” );
input.close();
System.exit( 1 );
}
catch ( lllegalStateException stateException )
{
System.err.printin( "Reading aborted.” );
System.exit( 1 );
}

return text;

}

I/l File is closed
private static void closeFile()
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if ( input !'= null )
input.close(); //

}

/[Text is gotten
private static StringBuffer getText(String path)
{
StringBuffer text = new StringBuffer("™);
openFile(path);
text = readData();
closeFile();
return text;

/[====Make the changes through your own paths=====

/[Training text in English

private static void readEngTextl()

{

String path = "/homel/josel/jose/AAjoser/Ciencia/" +
"ImmuneDistances/BookDelight.txt";

EngTextl = getText(path);

String s = EngTextl.substring(0, 100);

System.out.printin(s);

}

/I[Reading a second text in English.

private static void readEngText2()

{

String path = "/homel/josel/jose/AAjoser/Ciencia/" +
"ImmuneDistances/SamuelButler.txt";

EngText2 = getText(path);
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Reading a text in German
rivate static void readGerText()

String path = "/homel/jose/jose/AAjoser/Ciencia/" +

"ImmuneDistances/DieGKomoedie.txt";
GerText = getText(path);

rivate static void readTexts()

if (withBlanks)

Alphabet = Alphabet + ' 7
N = Alphabet.length();

readEngTextl();

nEngTextl = EngTextl.length();

System.out.printin( "Lenght of trainingText = " +
nEngTextl);

readEngText2();

nEngText2= EngText2.length();

System.out.printin( "Lenght of testerEng = " +
nEngText2);

readGerText();

nGerText = GerText.length();

System.out.printin( "Lenght of testerGer = " +
nGerText);
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/IReturns the index  of ngram in F[] vectors.

/[An n-gram is a string with n chars taken from Alphabet.
/[Take it as a number in base = length of the Alphabet.
/[The index is that number in base 10.

private static int index(int n, String ngram)

{

char c1 =" ’;

int p = 0;

int ind = 0;

boolean correct = true;

for(int i = 0; (i <n) & correct; i++)

{
cl = ngram.charAt(i);
p = Alphabet.indexOf(cl);
if (p>=0)
ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else
{
ind = -1;
/IDetecting the presence of an alien symbol
correct = false;
}
}
if (printAll)
System.out.printin( "ngram = " + ngram +

index =
+ ind);
return ind;

}

| *
This procedure records in F the
frequency of appearance of n-grams in the given Text.
Each n-gram is given an index, a number that
identifies it in the vector F.
At the beginning, every entry of F is set to O.
The index of each n-gram of the Text is
calculated and the corresponding entry in F is
incremented by one.
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*/

private static intVector5 nGramsFrequency(int n,
StringBuffer Text)

{

/[Zeroed initialization
intVector5 F = p.new intVector5();
nText = Text.length();

int start = O;
int ind = O;
for(int c=0; ¢ < nText-n+1; c++)
{
String ngram = Text.substring(start, start+n);

ind = index(n,ngram);

/lif a given char of an n-gram is not in

/lthe alphabet, its index is negative:

/lyou must enlarge the alphabet else ignore it.
//We ignore it.

if (ind >= 0)

F.Flind] = F.F[ind] + 1,

start = start +1,

}

return F;

}

/IThe Euclidean distance among two vectors of integer type
//(declared as an object intVector3) is calculated
private static double euclideanDistance(int N,
intVector5 vectl, intVector5 vect2)
{

double sum
double d =
if (printAll)
System.out.printin("Frequency vectors to compare");
for(int i = 0; i < N; i++)
{
long a = vectl.F[i]-vect2.FJi];
sum = sum + ara,;

= O,
0;
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d = Math.sqgrt(sum);

if (printAll)

System.out.printin(vectl.F[i] + " " + vect2.F[i]);
}

return d;

}

//Operative part
//Operative part
private static void work()

{
if (withBlanks)

{
char ¢ = (int) (765);
System.out.printin("Each blank is replaced by " + c);
}
I[EngTextl vs GerText
/[Frequencies of n-grams in EngTextl are calculated
if (printAll)
System.out.printin("\nn-gram analysis of EngText1");
freql = nGramsFrequency(n, EngTextl);
if (printAll)
{
System.out.printin("Frequencies of n-grams");
for(int i = 0; i < N; i++)
System.out.printin(freql.F[i]);
System.out.printin();
}
if (printAll)
System.out.printin("\nn-gram analysis of GerText");
freq2 = nGramsFrequency(n, GerText);
if (printAll)
{
System.out.printin("Frequencies of n-grams");
for(int i = 0; i < N; i++4)
System.out.printin(freq2.F([i]);
System.out.printin();

}
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//[Euclidean distance between freql and freqg2
double d = euclideanDistance(N, freql,freq2);
System.out.printin("\nThe Euclidean n-gram distance" +
" between the two texts, \nEngTextl and " +
"GerText, is " + d);
[[EngTextl vs RandomText
/[Frequencies of n-grams in EngTextl are calculated
if (printAll)
System.out.printin("\nn-gram analysis of EngTextl1");
fregl = nGramsFrequency(n, EngTextl);
if (printAll)
{
System.out.printin("Frequencies of n-grams");
for(int i = 0; i < N; i++)
System.out.printin(freq1.F[i]);
System.out.printin();

}

if (printAll)

System.out.printin("\nn-gram analysis of randomText");

freq2 = nGramsFrequency(n, randomText);

if (printAll)

{

System.out.printin("Frequencies of n-grams");
for(int i = 0; i < N; i++4)

System.out.printin(freq2.F[i]);
System.out.printin();

}

//[Euclidean distance between freql and freq2
d = euclideanDistance(N, freql,freq2);
System.out.printin("\nThe Euclidean n-gram " +

"distance between the two texts, " +
"\nEngTextl and randomText, is " + d);

}

}Ylend of main class 162 EuclideanDistanceFull
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Problems of Chapter 4

78 pag. 137The next code reads a genome from a file and executes an
n-gram analysis:

/[Program 178 GenomeNGram

/[This program reads a proteome from a file,
/lignores commentaries,

/[displays its content

/land carries an n-gram analysis.

/[Fasta .faa format required.

import java.io.BufferedReader;

import java.io.FileReader;

import java.io.lIOException;

import java.lang.lllegalStateException;
import java.util. NoSuchElementException;
import java.util.Scanner;

public class GenomeNGram

{

/IThe application is instantiated
private static GenomeNGram p =

new GenomeNGram();
private static Scanner input;

private static String nameOfFolder =

"lhome/josel/jose/AAjoser/Ciencia/" +
"GenomesComplete/GenomesSample/";

private static String nameOfFile =

"Arcobacter_L uid158135.faa";

private static String path = nameOfFolder + nameOfFile;

private static StringBuffer proteome = new StringBuffer("
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/[The alphabet need by fasta format.
private static String Alphabet =
"ABCDEFGHIKLMNPQRSTUVW¥ZX

/llength of the Alphabet

private static int lengthAlf = Alphabet.length();

/lletters per n-gram

private static int n=2;

//INumber of n-grams

private static int N = (int) Math.pow(lengthAlf, n);

private static boolean printl = f
private static boolean print2 = false;

[[======= Inner class intVector ========
/IThis inner class defines a vector with
/llinteger numbers as a new type
private class intVector6
{
int L = (int) Math.pow(lengthAlf, n);
int F[] = new int[L];

/IAn instance of intVector can be
/linitialized in various ways:

/[IAutomatic zeroed initialization
intVector6( )

{

for(int i = 0; i < L; i++)
F[i] = O;
}

}Ylend of class intVector
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/IThe frequency of appearance of n-grams in the text.
/Nf n>3, the assigned memory must be expanded
private static intVector6 freql
= p.new intVector6();

/I We read record from file
public static StringBuffer readData(String path)
throws IOEXxception
{
StringBuffer text = new StringBuffer("™);
/try and catch gates
try
{

FileReader fr = new FileReader(path);
BufferedReader br = new BufferedReader(fr);

String s = "

while((s = br.readLine()) '= null)

{

/[Filtering of first line of each subsequence
if (s.charAt(0) = '>" )

System.out.printin(s);
text = text.append(s);

}

fr.close();

}

catch ( NoSuchElementException elementException )
{
System.err.printin( "File is corrupted.” );
input.close();
System.exit( 1 );
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catch ( IllegalStateException stateException )

{

System.err.printin( "Reading aborted.” );
System.exit( 1 );
}

return text;

/IReturns the index  of ngram in F[] vectors.

/[An n-gram is a string with n chars taken from Alphabet.
/[Take it as a number in base = length of the Alphabet.
/[The index is that number in base 10.

private static int index(int n, String ngram)

{

}

char cl1 =
int p = 0;
int ind = 0;

boolean correct = true;

for(int i = 0; (i <n) & correct; i++)

{

cl = ngram.charAt(i);

p = Alphabet.indexOf(cl);

if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else

{

ind = -1;

/IDetecting the presence of an alien symbol

correct = false;

}

}

if (printl)

System.out.printin( "ngram =

+ ngram + " index =
+ ind);
return ind;
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/IReturns the n-gram corresponding to index ind
/[This is the inverse operation of index()

private static String indexinverse(int n, int ind)

{

char c1 = '~

int p = 0;

String ngram = ",

int kK = 0;

int indl = ind;

//ISystem.out.printin("'n = " + n);
for(int i = n-1; i > -1; i--)

{
//System.out.printin(" e \nlndex = " + indl);
k = ( int ) (Math.pow(lengthAlf, i));
/ISystem.out.printin("\k = " + Kk);
if( k <= indl)
{

p = indl / k;
//ISystem.out.printin("p = " + p);

if (p < Alphabet.length())

cl = Alphabet.charAt(p);

indl = indl - p *K;

}
else cl = Alphabet.charAt(0);
/ISystem.out.printin("cl = " + cl);
ngram = ngram+cl ;
}
if (printl)
System.out.printin( "ngram = " + ngram +

"index = "+ ind);
return ngram;

}

| *
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This procedure records in F the
frequency of appearance of n-grams in the given Text.
Each n-gram is given an index, a number that
identifies it in the vector F.
At the beginning, every entry of F is set to O.
The index of each n-gram of the Text is
calculated and the corresponding entry in F is
incremented by one.

*/

private static intVector6 nGramsFrequency(int n,

StringBuffer Text)
{

/[Zeroed initialization
intVector6 F = p.new intVector6();
int nText = Text.length();

int start = O;

int ind = O;

for(int c=0; ¢ < nText-n+1; c++)

{

String ngram = Text.substring(start, start+n);

ind = index(n,ngram);
/lif a given char of an n-gram is not in
/lthe alphabet, its index is negative:
/lyou must enlarge the alphabet else ignore it.
//We ignore it.
if (ind >= 0)
F.Flind] = F.F[ind] + 1,
start = start +1,;

}

return F;

}

public static void main(String[] args) throws IOException
{
printl

false;
print2 = t

rue,
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System.out.printin("n-gram analysis of " + nameOfFile);
readData(path);
proteome = readData(path);
freql = nGramsFrequency(n, proteome);
if (print2)
System.out.printin("Length of alphabet = "
+ Alphabet.length());

if (print2)

{

System.out.printin("n-gram analysis of " + nameOfFile);
System.out.printin("length of proteome = " +

proteome.length());
System.out.printin("Index, n-gram, and frequency");
for(int i = 0; i < freql.F.length; i++)
System.out.printin(i + "\t" + indexInverse(n, i)
+ "t" + freql.F[i]);
}

}

HIEnd of main class 178 GenomeNGram

82, 146. The next code uses a JFrame and a JScrollPane to allow the
scrolling of the large image that is output by the programmvhe 5.

/[Program 182 nGramVisor2

/[This program reads a proteome from a file,
/lignores commentaries,

/[displays its content,

/[carries an n-gram analysis and

/Imakes a graphic report

/laccording to a coloring code.

/[Fasta .faa format is required.
import java.awt.Color;

import java.awt.Dimension;
import java.awt.Graphics;
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import java.awt.Graphics2D;

import java.io.BufferedReader;

import java.io.FileReader;

import java.io.lOException;

import java.lang.lllegalStateException;
import java.util.NoSuchElementException;
import java.util.Scanner;

import javax.swing.JFrame;
import javax.swing.JPanel;
import javax.swing.JScrollPane;

public class nGramVisor2 extends JFrame

{

private static final long serialVersionUID = 1L;

//IModify them as it pleases you:

/lletters per n-gram

private static int n = 3;

//Width of pixel

private static int widthOfPixel = 5;
//INumber of pixels per row

int pixelsPerRow = 120;

//Width of frame

private static int widthOfFrame = 700;
/[Height of frame

private static int heightOfFrame = 800;
/[Directory where your files are kept into
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private static String nameOfFolder =

"Ilhome/josel/jose/AAjoser/Ciencia/" +
"GenomesComplete/GenomesSample/”;

/IName of the species whose proteome is to be analyzed

private static String nameOfFile =

"Arcobacter_L uid158135.faa";

/[The alphabet conforms to fasta format

/lfor amino acids (.faa extension).

/[Full .faa alphabet:

private static String Alphabet =
"ABCDEFGHIKLMNPQRSTUVWY¥ZX

private static boolean printl = false;
private static boolean print2 = false;

/[======= End of fundamental parameters

//[Constructor of main class:

/[Primary instructions for initialization

public nGramVisor2()

{

/[Title

super("n-gram visor");

setSize(widthOfFrame, heightOfFrame);

/[Enabling exit by clicking the terminator icon
setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
/linner painting class is added
getContentPane().add(new JScrollPane(new Painter()));

}

public static void main(String[] args)

{



/lInstantiation of
nGramVisor2 visor2 = new nGramVisor2();
visor2.setVisible(true);

class Painter extends JPanel

{

private static final long serialVersionUID = 1L;

/IConstructor = initialization
public Painter ()

setSize(getPreferredSize());
Painter.this.setBackground(Color.white);

}

//Size of the drawing area
public Dimension getPreferredSize()

{

return new Dimension(widthOfFrame, heightOfFrame);

}

/[Drawing tool

//ISecond method to be executed and
/lthen on always ready to get into action.
/[The vector of frequencies is displayed in
/lgraphic form according to a coloring code.

public void paintComponent(Graphics Q)
{

super.paintComponent(g);

335
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Graphics2D g2d = (Graphics2D) g;
try
{
/In-gram frequencies are found and kept in freql
findFrequencies();

}
catch (IOException e)

{
e.printStackTrace();

int max = findMax();

System.out.printin("Scale goes from 0 to " + max);
System.out.printin("Code for intensity from less to more"
" \n black (absence), gray, blue, cyan, yelow," +

" orange, pink, red");

int nPoints = freql.F.length;
boolean go = true;
int NnRows = nPoints / pixelsPerRow +1;
int counter = 0;
for (int i = 0; (i < nRows) & go; i++)
{
for (int j = 0; (j < pixelsPerRow) & go; j++)
{
int index = i  xpixelsPerRow + |;

//[Everything begins in black = absence

g2d.setColor(Color.BLACK);

/IColors are acquired as frequency increases

if ( freql.F[index] > 0)
g2d.setColor(Color.GRAY);

if ( freql.F[index] > max/7)
g2d.setColor(Color.BLUE);

if ( freql.F[index] > 2 * max/7)
g2d.setColor(Color.CYAN);

if ( freql.F[index] > 3 * max/7)
g2d.setColor(Color.YELLOW);

if ( freql.F[index] > 4 * max/7)
g2d.setColor(Color.ORANGE);
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if ( freql.F[index] > 5 * max/7)
g2d.setColor(Color.PINK);
if ( freql.F[index] > 6 * max/7)

g2d.setColor(Color.RED);
/[Pixel is drawn
g2d.filloval( j *WidthOfPixel, i * widthOfPixel,
widthOfPixel, widthOfPixel );
if (counter >= nPoints-1) go = false;
counter = counter+1;
/ISystem.out.printin(index = " + index );
}

}
Y/End of paintComponent

Y/End of Painter

/[I======== End of inner class Painter =======

/IMachine for reading from hard disc
private static Scanner input;

/[Path to file
private static String path = nameOfFolder + nameOfFile;

private static StringBuffer proteome =
new StringBuffer(");
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/llength of the Alphabet
private static int lengthAlf = Alphabet.length();

/INumber of n-grams
private static int N = (int) Math.pow(lengthAlf, n);

[[======= Inner class intVector ========
/[This inner class defines a vector with
/linteger numbers as a new type
private class intVector8
{
int L = (int) Math.pow(lengthAlf, n);
int F[] = new int[L];

/[An instance of intVector can be
/linitialized in various ways:

/IAutomatic zeroed initialization
intVector8( )

{

for(int i = 0; i < L; i++4)
Fi] = 0;
}

Ylend of class intVector

/lInstantiation of nGramVisor needed
/Ibecause of inner classes



339

private static nGramVisor2 x = new nGramVisor2();

private static intVector8 freql
= X.new intVector8();

/IThis is the first method to be executed
public void init()
{

System.out.printin("n-gram analysis of " + nameOfFile);
System.out.printin("Length of alphabet = "
+ Alphabet.length());

System.out.printin("Number of letters per n-gram = " + n);
System.out.printin("Number of n-grams = " + N);

printl = false;

print2 = false;

}

public static void findFrequencies() throws IOException

{

readData(path);

proteome = readData(path);
System.out.printin("length of proteome =
+ proteome.length());

freql = nGramsFrequency(n, proteome);

if (print2)

{

System.out.printin(proteome);
System.out.printin("Index, n-gram, and frequency");
for(int i = 0; i < freql.F.length; i++)

System.out.printin(i + "\t" + indexInverse(n, i)

+ "t" + freql.F[i]);

}
findMax();



340 ANSWERS TO EXERCISES

/I We read record from file

public static StringBuffer readData(String path)
throws IOException

{

StringBuffer text = new StringBuffer(™);
/itry and catch gates

try

{

FileReader fr = new FileReader(path);
BufferedReader br = new BufferedReader(fr);
String s = "

while((s = br.readLine()) != null)
{

/IFiltering of first line of each subsequence
if (s.charAt(0) = '>" )

//System.out.printin(s);
text = text.append(s);

}

fr.close();

}

catch ( NoSuchElementException elementException )
{
System.err.printin( "File is corrupted.” );
input.close();
System.exit( 1 );

catch ( lllegalStateException stateException )

{
System.err.printin( "Reading aborted." );

System.exit( 1 );
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return text;

/IReturns the index  of ngram in F[] vectors.

/[An n-gram is a string with n chars taken from Alphabet.
/[Take it as a number in base = length of the Alphabet.
/[The index is that number in base 10.

private static int index(int n, String ngram)

{
char c1 = ' ’;
int p = 0;
int ind = O;
boolean correct = true;
for(int i = 0; (i <n) & correct; i++)
{

cl = ngram.charAt(i);

p = Alphabet.indexOf(cl);

if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else

{

ind = -1;

/[Detecting the presence of an alien symbol

correct = false;

}
}
if (printl)
System.out.printin( "ngram = " + ngram + " index =
+ ind);

return ind;

}

/IReturns the n-gram corresponding to index ind
/[This is the inverse operation of index()
private static String indexInverse(int n, int ind)

{

char c1 = '
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int p = 0;

String ngram = "
int k = 0;

int indl = ind;

//ISystem.out.printin("'n = " + n);
for(int i = n-1; i > -1; i--)

{
/ISystem.out.printin(" *»x \nlndex = " + indl);
k = ( int ) (Math.pow(lengthAlf, i));
/ISystem.out.printin("k = " + K);
if( k <= indl)
{

p = indl / k;
//ISystem.out.printin("p = " + p);

if (p < Alphabet.length())

cl = Alphabet.charAt(p);

indl = indl - p *K;

}

else cl = Alphabet.charAt(0);
/ISystem.out.printin("cl = " + cl);
ngram = ngram+cl ;

}

if (printl)

System.out.printin( "ngram = " + ngram +
"index = "+ ind);

return ngram;

}

| *
This procedure records in F the
frequency of appearance of n-grams in the given Text.
Each n-gram is given an index, a number that
identifies it in the vector F.
At the beginning, every entry of F is set to O.
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The index of each n-gram of the Text is
calculated and the corresponding entry in F is
incremented by one.
*/
private static intVector8 nGramsFrequency(int n,
StringBuffer Text)
{

//Zeroed initialization
intVector8 F = x.new intVector8();
int nText = Text.length();

int start = O;

int ind = 0;

for(int c=0; ¢ < nText-n+1; c++)

{

String ngram = Text.substring(start, start+n);

ind = index(n,ngram);
/lif a given char of an n-gram is not in
/lthe alphabet, its index is negative:
/lyou must enlarge the alphabet else ignore it.
/[/We ignore it.
if (ind >= 0)
F.F[ind] = F.F[ind] + 1,
start = start +1,

}

return F;

}

private static int findMax()
{
int max = O;
for(int i = 0; i< freql.F.length; i++)
if (freql.F[i] > max ) max = freql.FJi];
return max;

}

Y/End of main class 182 nGramVisor2
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84, page 146.The immediate reason for the existence of holes resides
in the fasta code, which is the following:

A alanine P proline

B aspartate/asparagine Q glutamine

C cystine R arginine

D aspartate S serine

E glutamate T threonine

F phenylalanine U selenocysteine

G glycine V valine

H histidine W tryptophan

| isoleucine Y tyrosine

K lysine Z glutamate/glutamine
L leucine X any

M  methionine *  translation stop
N asparagine - gap of indeterminate length

This code has special symbols X * - that in general might beatosf
the sequence list of many proteins. On the other hand, motips have
sequences based on the ordinary amino acids of the gendéc Beverthe-
less, some amino acids might undergo biochemical modidicatiter their
synthesis in the ribosomes. The role of these symbols asdevierators
can be unveiled if only one change the alphabet to the next one

Alphabet = "ACDEFGHIKLMNPQRSTVWY?”;

From the full alphabet we have deleted the symbols: B (asfedasparagine),
U (selenocysteine) and Z (glutamate/glutamine).

With this shorter alphabet large connected holes disagpear= 2 and
3. For n=4 or 5 we have a complex chart that deserves bettdy.skhis is
one more reason for thinking of better tools. Neverthelesge connected
holes is what one must expect for large values of n: the nuimigossible
n-grams grows ak' while the number of actual n-grams in a proteome is
bounded above by the length of the genome, most possibly segabytes.

85 pag. 146.The code that prints absent or n-grams with a given ab-
solute frequency follows. It also reports a frequency taiflérequency
ranges.
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//Program 185 nGramVisor3

/[This program reads a proteome from a file,
/lignores commentaries,

/[displays its content,

/[carries an n-gram analysis and

//makes a graphic report

/laccording to a coloring code.

/In-grams with zero frequency,

//might also be reported

/ltogether with a frequency table of frequency ranges.

//[Fasta .faa format is required.

import java.awt.Color;
import java.awt.Dimension;
import java.awt.Graphics;
import java.awt.Graphics2D;

import java.io.BufferedReader;

import java.io.FileReader;

import java.io.lOException;

import java.lang.lllegalStateException;
import java.util.NoSuchElementException;
import java.util.Scanner;

import javax.swing.JFrame;

import javax.swing.JPanel;
import javax.swing.JScrollPane;

public class nGramVisor3 extends JFrame

{

private static final long serialVersionUID = 1L;
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/IModify them as it pleases you:

/lletters per n-gram

private static int n = 4;

//Width of pixel

private static int widthOfPixel = 1;

/INumber of pixels per row

int pixelsPerRow = 800;

//Width of frame

private static int widthOfFrame = 1000;

/[Height of frame

private static int heightOfFrame = 700;

/[Directory where your files are kept into

private static String nameOfFolder =

"lhome/josel/jose/AAjoser/Ciencia/" +
"GenomesComplete/GenomesSample/”;

/IName of the species whose proteome is to be analyzed

private static String nameOfFile =

"Arcobacter_L uid158135.faa";

/[The alphabet conforms to fasta format

/lfor amino acids (.faa extension).

/[Full .faa alphabet:

| *

/[Full .faa alphabet:

private static String Alphabet =
"ABCDEFGHIKLMNPQRSTUVWY¥ZX

*/

//[Short .faa alphabet
private static String Alphabet =
"ACDEFGHIKLMNPQRSTVWY";

private static int rawFreqTable[] = new int[100];



private static int freqTable[]] = new int[100];
private static String titlesFreqTable[]] = new String[100]

private static boolean printl = false;
private static boolean print2 = false;
/[======= End of fundamental parameters

//Constructor of main class:

/[Primary instructions for initialization

public nGramVisor3()

{

/[Title

super("n-gram visor");

setSize(widthOfFrame, heightOfFrame);

//Enabling exit by clicking the terminator icon
setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
/liInner painting class is added
getContentPane().add(new JScrollPane(new Painter()));

System.out.printin("n-gram analysis of " + nameOfFile);
System.out.printin("Length of alphabet = "
+ Alphabet.length());

System.out.printin("Number of letters per n-gram = " + n);
System.out.printin("Number of n-grams = " + N);

}

public static void main(String[] args)

{

/lInstantiation of
nGramVisor3 visor3 = new nGramVisor3();
visor3.setVisible(true);

347
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class Painter extends JPanel

{

private static final long serialVersionUID = 1L;

/IConstructor = initialization
public Painter ()

setSize(getPreferredSize());
Painter.this.setBackground(Color.white);

}

/ISize of the drawing area
public Dimension getPreferredSize()

{

return new Dimension(widthOfFrame, heightOfFrame);

}

/[Drawing tool

//[Second method to be executed and
/lthen on always ready to get into action.
/[The vector of frequencies is displayed in
/l[graphic form according to a coloring code.

public void paintComponent(Graphics Q)
{

super.paintComponent(g);

Graphics2D g2d = (Graphics2D) g;
try

{

/In-gram frequencies are found and kept in freql
findFrequencies();

}

catch (IOException e)

{
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e.printStackTrace();

int max = findMax();
System.out.printin("Frequency scale goes from 0 to " + max) ;
System.out.printin("Code for intensity from less to more f requency" +
" \n black (absence), white (freq = 1), gray, blue, cyan, yel ow," +
" orange, pink, red");
int nPoints = freql.F.length;
boolean go = true;
int NnRows = nPoints / pixelsPerRow +1,;
int counter = O;
for(int i = 0; i < 100; i++)
rawFreqTable[i] = O;
for (int i = 0; (i < nRows) & Qo; i++)
{
for (int j = 0; (j < pixelsPerRow) & go; j++)

int index = i  xpixelsPerRow + |;

if ( freql.F[index] == 0)

{

g2d.setColor(Color.BLACK);

rawFreqTable[0]++;

/ * System.out.printin(index +
+ indexInverse(n, index));

* [
tittesFreqTable[0] = "freq = 0%
}

if ( freql.F[index] == 1)
{

g2d.setColor(Color.WHITE);

rawFreqTable[1]++;

/ * System.out.printin(index +
+ indexInverse(n, index));
*/

titlesFreqTable[1] = "freq = 1%

}
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/IColors are acquired as frequency increases
if ( freql.F[index] > 1)

{

g2d.setColor(Color.GRAY);
rawFreqTable[2]++;
titlesFreqTable[2] = " 1 < freq <= " + max/7,

}
if ( freql.F[index] > max/7)

g2d.setColor(Color.BLUE);
rawFregTable[3]++;

titlesFreqTable[3] = max/7 + " < freq <= " + 2 *max/7;
}

if ( freql.F[index] > 2 * max/7)

{

g2d.setColor(Color.CYAN);
rawFreqTable[4]++;

tittesFreqTable[4] = 2 *max/7 + " < freq <= " + 3 *max/7;
}

if ( freql.F[index] > 3 * max/7)
{

g2d.setColor(Color.YELLOW);
rawFreqTable[5]++;
tittesFreqTable[5] = 3 *max/7 + " < freq <= " + 4 * max/7,

if ( freql.F[index] > 4 * max/7)
{
g2d.setColor(Color.ORANGE);
rawFreqTable[6]++;
tittesFreqTable[6] = 4 *max/7 + " < freq <= " + 5 *max/7,

}
if ( freql.F[index] > 5 * max/7)

g2d.setColor(Color.PINK);
rawFreqTable[7]++;
tittesFreqTable[7] = 5 *max/7 + " < freq <= " + 6 *max/7;
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}

if ( freql.F[index] > 6 * max/7)
{

g2d.setColor(Color.RED);
rawFreqTable[8]++;

titltesFreqTable[8] = 6 *max/7 + " < freq <= " + max;
}

/IPixel is drawn

g2d.fillOval( | *widthOfPixel, i * widthOfPixel,

widthOfPixel, widthOfPixel );

if (counter >= nPoints-1) go = false;
counter = counter+1;
/[System.out.printin("index = " + index );

| *
System.out.printin("rawFrequency table ");
for(int j = 0; j < 9; j++4)

System.out.printinj + " " + rawFreqTable[j]);
*/

freqTable[0] = rawFreqTable[0];

freqTable[1] = rawFreqTable[1];

for(int j = 2; j < 8; j++4)
freqTable[j] =

rawFreqTable[j] - rawFreqTable[j+1];
freqTable[8] = rawFreqTable[8];

System.out.printin("Frequency table of " + " " + n + "-grams"
for(int j = 0; j < 9; j++4)
System.out.printin(j + " " + freqTable[j]

+ " for range " + titlesFreqTable[j]);

/[Test
int sumNGrams = 0;
for(int j = 0; j < 9; j++4)
sumNGrams = sumNGrams + freqTable[j];
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System.out.printin("Sum = + sumNGrams + " " + n +

H/IEnd of paintComponent

HIEnd of Painter

======= End of inner class Painter =======

/IMachine for reading from hard disc
private static Scanner input;

/[Path to file
private static String path = nameOfFolder + nameOfFile;

private static StringBuffer proteome =
new StringBuffer(");

/llength of the Alphabet
private static int lengthAlf = Alphabet.length();

/INumber of n-grams
private static int N = (int) Math.pow(lengthAlf, n);

ANSWERS TO EXERCISES

"-grams");
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[[======= Inner class intVector ========
/[This inner class defines a vector with
/linteger numbers as a new type
private class intVector9
{
int L = (int) Math.pow(lengthAlf, n);
int F[] = new int[L];

/[An instance of intVector can be
/linitialized in various ways:

[IAutomatic zeroed initialization
intVector9( )

{

for(int i = 0; i < L; i++4)
Fli] = 0;
}

}Ylend of class intVector

/lInstantiation of nGramVisor needed
/Ibecause of inner classes

private static nGramVisor3 x = new nGramVisor3();

private static intVector9 freql
= X.new intVector9();
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public static void findFrequencies() throws IOException
{

readData(path);

proteome = readData(path);

System.out.printin("length of proteome = "

+ proteome.length());

fregl = nGramsFrequency(n, proteome);

if (print2)
{

System.out.printin(proteome);
System.out.printin("Index, n-gram, and frequency");
for(int i = 0; i < freql.F.length; i++)

System.out.printin(i + "\t" + indexInverse(n, i)

+ "t" + freql.F[i]);
}

findMax();
}

Il We read record from file

public static StringBuffer readData(String path)
throws IOException

{

StringBuffer text = new StringBuffer(");
/ltry and catch gates

try

{

FileReader fr = new FileReader(path);
BufferedReader br = new BufferedReader(fr);
String s = ™

while((s = br.readLine()) != null)

{

/IFiltering of first line of each subsequence
if (s.charAt(0) = '>" )

//System.out.printin(s);
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text = text.append(s);

}

fr.close();

}

catch ( NoSuchElementException elementException )

{

}

System.err.printin( "File is corrupted.” );
input.close();
System.exit( 1 );
}
catch ( IllegalStateException stateException )
{
System.err.printin( "Reading aborted.”" );
System.exit( 1 );
}

return text;

/IReturns the index  of ngram in F[] vectors.

/[An n-gram is a string with n chars taken from Alphabet.
/[Take it as a number in base = length of the Alphabet.
/[The index is that number in base 10.

private static int index(int n, String ngram)

{
char c1 ="' ;
int p = 0;
int ind = O;
boolean correct = true;
for(int i = 0; (i <n) & correct; i++)
{

cl = ngram.charAt(i);

p = Alphabet.indexOf(cl);

if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else
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{

ind = -1;

/[Detecting the presence of an alien symbol
correct = false;

System.out.printin("Alien : " + p);

}
}
if (printl)
System.out.printin( "ngram = " + ngram + " index = "
+ ind);
return ind;

}

/[IReturns the n-gram corresponding to index ind
/[This is the inverse operation of index()

private static String indexInverse(int n, int ind)

{

char c1 = ' ’;

int p = 0;

String ngram = "

int k = 0;

int indl = ind;

//ISystem.out.printin("'n = " + n);
for(int i = n-1; i > -1; i--)

{
/ISystem.out.printin(" *»x \nlndex = " + indl);
k = ( int ) (Math.pow(lengthAlf, i));
/ISystem.out.printin("k = " + K);
if( k <= indl)
{

p = indl / k;
/ISystem.out.printin("p = " + p);

if (p < Alphabet.length())

cl = Alphabet.charAt(p);

indl = indl - p *K;
}
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else cl = Alphabet.charAt(0);

//ISystem.out.printin("cl = " + cl);

ngram = ngram+cl ;
}

if (printl)

System.out.printin( "ngram = " + ngram +

"index = "+ ind);

return ngram;

}

| *
This procedure records in F the
frequency of appearance of n-grams in the given Text.
Each n-gram is given an index, a number that
identifies it in the vector F.
At the beginning, every entry of F is set to O.
The index of each n-gram of the Text is
calculated and the corresponding entry in F is
incremented by one.

*/

private static intVector9 nGramsFrequency(int n,
StringBuffer Text)
{

//Zeroed initialization
intVector9 F = x.new intVector9();
int nText = Text.length();

System.out.printin("Length of text = " + nText);
int start = O;

int ind = 0;

for(int c=0; ¢ < nText-n+1; c++)

{

String ngram = Text.substring(start, start+n);

ind = index(n,ngram);

/lif a given char of an n-gram is not in

/lthe alphabet, its index is negative:

/lyou must enlarge the alphabet else ignore it.
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//We ignore it.

if (ind >= 0)

F.F[ind] = F.F[ind] + 1;
start = start +1,;

}

return F;

private static int findMax()
{
int max = O;
for(int i = 0; i< freql.F.length; i++)
if (freql.F[i] > max ) max = freql.FJi];
return max;

}

HIEnd of main class 185 nGramVisor3

87, page 161 The next code adds the possibility to read in the bottom
bar the color of the clicked pixel.

/[Program 187 nGramVisor5

/[This program reads a proteome from a file,
/lignores commentaries,

/[displays its content,

/[carries an n-gram analysis and

/Imakes a graphic report

/laccording to a coloring code.

/In-grams with zero frequency,

/Imight also be reported

/ltogether with a frequency table of frequency ranges.
/[Feedback information is displayed.

/[Scrolling is possible but because of memory demands,



/lit works very poorly.
/IThe color of the clicked pixel can be read
/lat the bottom bar.

/IThis code is more evolvable than those of
/[previous versions.

/[Fasta .faa format is required.

import
import
import
import
import
import
import
import

import
import
import
import
import
import

import
import

import
import

public
{

java.awt.BorderLayout;
java.awt.Color;
java.awt.Cursor;
java.awt.Dimension;
java.awt.Graphics;
java.awt.Graphics2D;
java.awt.event.MouseEvent;
java.awt.event.MouseListener;

java.io.BufferedReader;
java.io.FileReader;
java.io.lOException;
java.lang.lllegalStateException;
java.util.NoSuchElementException;
java.util.Scanner;

javax.swing.JFrame;
javax.swing.JLabel;
javax.swing.JPanel;
javax.swing.JScrollPane;

class nGramVisor5 extends JFrame
implements

MouseListener

private static final long serialVersionUID = 1L;
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/IModify them as it pleases you:

/lletters per n-gram

private static int n = 4;

//Width of pixel

private static int widthOfPixel = 1;

/INumber of pixels per row

static int pixelsPerRow = 500;

//Width of frame

private static int widthOfFrame = 1200;

/[Height of frame

private static int heightOfFrame = 1000;

/[Directory where your files are kept into

private static String nameOfFolder =
"Ihome/josel/jose/AAjoser/Ciencia/" +
"GenomesComplete/GenomesSample/”;

/IName of the species whose proteome is to be analyzed

private static String nameOfFile =

"Arcobacter L uid158135.faa";

/[The alphabet conforms to fasta format

/lfor amino acids (.faa extension).

/[Full .faa alphabet:

| *

/[Full .faa alphabet:

private static String Alphabet =
"ABCDEFGHIKLMNPQRSTUVW¥ZX

*/

//[Short .faa alphabet
private static String Alphabet =
"ACDEFGHIKLMNPQRSTVWY";
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private static int freqTable[]] = new int[100];
private static int max = O;
private static String titlesFreqTable[] = new String[100]

private static boolean printl = false;
private static boolean print2 = false;

private JLabel barMessage;

/lInitialization of color variables

private static Color color = new Color(4);

private static Color OurColors[ | = {Color.BLACK,
Color.WHITE, Color.GRAY, Color.BLUE, Color.CYAN,
Color.YELLOW, Color.ORANGE, Color.PINK, Color.RED},
private static String NamesColors[ ] = {"BLACK",
"WHITE", "GRAY", "BLUE", "CYAN",

"YELLOW", "ORANGE", "PINK", "RED"};

/llength of the Alphabet
private static int lengthAlf = Alphabet.length();

//INumber of n-grams
private static int N = (int) Math.pow(lengthAlf, n);

/lInstantiation of main class
private static nGramVisor5 x = new nGramVisor5();

/[======= End of fundamental parameters

//IConstructor of main class:
//[Primary instructions for initialization
public nGramVisor5()

{

/[Title

//super("n-gram visor");
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JFrame frame = new JFrame("n-gram visor");
/[Enabling exit by clicking the terminator icon
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE
frame.setSize(widthOfFrame, heightOfFrame);

frame.setVisible(true);

barMessage=new JLabel( "Right-click over a given pixel" );
frame.add( barMessage, BorderLayout.SOUTH );
JScrollPane js = new JScrollPane(new Painter());

/linner painting class is added

js.addMouseListener(this);
frame.getContentPane().add(js);
System.out.printin("n-gram analysis of " + nameOfFile);
System.out.printin("Length of alphabet = "

+ Alphabet.length());
System.out.printin("Number of letters per n-gram = " + n);
System.out.printin("Number of n-grams = " + N);

public static void main(String[] args)

{
/INothing as yet
}

[|[========== |INNER DRAWING CLASS ==============

static class Painter extends JPanel

{

private static final long serialVersionUID = 1L;
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/IConstructor = initialization
public Painter ()

{

/IsetSize(getPreferredSize());
Painter.this.setBackground(Color.white);

setCursor (Cursor.
getPredefinedCursor(Cursor.CROSSHAIR_CURSOR));

//Size of the drawing area
public Dimension getPreferredSize()

{

return new Dimension(widthOfFrame, heightOfFrame);

}

//Assigns a frequency range to the n-gram
/lgiven by index.
//Builds the frequency table by ranges.
/lcounting is a boolean flag for counting
public static int classification(int index,

boolean counting)
{

int rangeNumber = -1;
/[Colors are assigned according to frequency
if ( freql.F[index] == 0)

{

if (counting) freqTable[0]++;
/ » System.out.printin(index + " "
+ indexInverse(n, index));
* |
rangeNumber = 0;
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if ( freql.F[index] == 1)

if (counting) freqTable[1]++;
/ = System.out.printin(index + "
+ indexInverse(n, index));
* |
rangeNumber = 1,

if (( freql.F[index] > 1) &
( freql.F[index] < max/7))
{

if (counting) freqTable[2]++;
rangeNumber = 2;
}
if (( freql.F[index] >= max/7) &
( freql.F[index] < 2 * max/7))
{

if (counting) freqTable[3]++;
rangeNumber = 3;
}
if (( freql.Flindex] >= 2 * max/7) &
( freql.F[index] < 3 * max/7))
{

if (counting) freqTable[4]++;
rangeNumber = 4;
}
if (( freql.F[index] >= 3 *max/7) &
( freql.F[index] < 4 * max/7))
{

if (counting) fregTable[5]++;
rangeNumber = 5;
}
if (( freql.F[index] >= 4 *max/7) &
( freql.F[index] < 5 * max/7))

{
if (counting) freqTable[6]++;



}

}

6;

rangeNumber

if (( freql.F[index] >= 5
( freql.F[index] < 6
{
if (counting) freqTable[7]++;
rangeNumber = 7,
}
if (( freql.F[index] >= 6

( freql.F[index] <=
{

if (counting) freqTable[8]++;
rangeNumber = 8;

}

return rangeNumber;

* max/7)
* max/7))

*max/7)
max))

public void definitions()

{

}

titltesFreqTable[O
titlesFregTable[1
titlesFregTable[2
titlesFreqTable[3

] 0";

] 1"

|
tittesFreqTable[4]

]

]

]

]

"freq =
"freq =
"1 < freq <"+
ax/7 + "
*max/7 + "
*max/7 + "
*max/7 + "
*max/7 + "

*max/7 + "

tittesFregTable[5
tittesFregTable[6
tittesFreqTable[7
titltesFreqTable[8

m
2
3
4
5
6

public void report()

{

System.out.printin("Frequency table of " +

for(int j = 0; j < 9; j++)
System.out.println(j +

+ " for range " + titlesFreqTablelj]

<= freq <"

365

max/7;

+ 2

<= freq < "
<= freq < "
<= freq < "
<= freq < "
<= freq <= "

*max/7;
*max/7;
* max/7;
*max/7;
*max/7;
max;

+ 3
+ 4
+ 5
+ 6

+

n + n
+ "-grams");

" + freqTable[j]
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+ " " + NamesColorslj]);
/[Test
int sumNGrams = 0;
for(int j = 0; j < 9; j++4)
sumNGrams = sumNGrams + fregTable[j];
System.out.printin("Sum = " + sumNGrams + " " + n
+ "-grams");

/[Drawing tool
/[Second method to be executed and
/lthen on always ready to get into action.
/[The vector of frequencies is displayed in
/l[graphic form according to a coloring code.
public void paintComponent(Graphics Q)
{

Graphics2D g2d = (Graphics2D) g;

try

{

/In-gram frequencies are found and kept in freql

findFrequencies();

}
catch (IOException e)

{
e.printStackTrace();

}
max = findMax();
definitions();
System.out.printin("Frequency scale goes from 0 to "
+ max + "\nCode for intensity from less to" +
more frequency: \n black (absence), " +
"white (freq = 1), gray, blue, cyan, yelow," +
orange, pink, red");
int nPoints = freql.F.length;
boolean go = true;
int nRows = nPoints / pixelsPerRow +1,;



int counter = 0;
boolean counting = true;
for (int j = 0; (j < nRows) & go; j++)
{
for (int i = 0; (i < pixelsPerRow) & go; i++)
{
int index = j  xpixelsPerRow + i;
int range = classification(index, counting);
if (printl)
System.out.printin("index = " + index + " range ="
+ range + "Frequency " + freql.F[index]);
g2d.setColor(OurColors[range));
/[Pixel is drawn
g2d.filloval( i *WidthOfPixel, | * widthOfPixel,
widthOfPixel, widthOfPixel );
if (counter >= nPoints-1) go = false;
counter = counter+1;
}
}
report();
Y/End of paintComponent

Y/End of Painter

/[l[======== End of inner class Painter =======

/IMachine for reading from hard disc
private static Scanner input;

367
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/IPath to file
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private static String path = nameOfFolder + nameOfFile;

private static StringBuffer proteome

new StringBuffer(");

[[======= Inner class intVector ==

/IThis inner class defines a vector with

/linteger numbers as a new type
private class intVectorl0

{

int L = (int) Math.pow(lengthAlf, n);
int F[] = new int[L];

/[An instance of intVector can be
/linitialized in various ways:

/IAutomatic zeroed initialization
intVector10( )

{

for(int i = 0; i < L; i++)
Fli] = 0;
}

Hlend of class intVector
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private static intVectorl0 freql
= x.new intVector10();

public static void findFrequencies() throws IOException
{

readData(path);

proteome = readData(path);

System.out.printin("length of proteome =

+ proteome.length());

fregl = nGramsFrequency(n, proteome);

if (print2)

{

System.out.printin(proteome);
System.out.printin("Index, n-gram, and frequency");
for(int i = 0; i < freql.F.length; i++)

System.out.printin(i + "\t" + indexInverse(n, i)

+ "t" + freql.F[i]);

}
findMax();
}

/I We read record from file

public static StringBuffer readData(String path)
throws 10Exception

{

StringBuffer text = new StringBuffer("");
/ltry and catch gates

try

{

FileReader fr = new FileReader(path);
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BufferedReader br = new BufferedReader(fr);
String s = "
while((s = br.readLine()) != null)
{
/[Filtering of first line of each subsequence
if (s.charAt(0) = '>" )
{
//System.out.printIn(s);
text = text.append(s);
}
}
fr.close();
}
catch ( NoSuchElementException elementException )
{
System.err.printin( "File is corrupted.” );
input.close();
System.exit( 1 );
}
catch ( lllegalStateException stateException )
{
System.err.printin( "Reading aborted." );
System.exit( 1 );
}
return text;
}

/[Returns the index of ngram in F[] vectors.

/[An n-gram is a string with n chars taken from Alphabet.
/[Take it as a number in base = length of the Alphabet.
/[The index is that number in base 10.

private static int index(int n, String ngram)

{

char c1 =" 7

int p = 0;



371

int ind = O;

boolean correct = true;

for(int i = 0; (i <n) & correct; i++)
{

cl = ngram.charAt(i);

p = Alphabet.indexOf(cl);

if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else

{

ind = -1;

/[Detecting the presence of an alien symbol

correct = false;

System.out.printin("Alien : " + p);

}
}
if (printl)
System.out.printin( "ngram = " + ngram + " index = "
+ ind);
return ind;

}

/[IReturns the n-gram corresponding to index ind
/[This is the inverse operation of index()

private static String indexInverse(int n, int ind)

{

char c1 = ' ’;

int p = 0;

String ngram = ™

int k = 0;

int indl = ind;

/ISystem.out.printin("\n = " + n);

for(int i = n-1; i > -1; i--)

{
//System.out.printin(" % \nlndex = " + indl);
k = ( int ) (Math.pow(lengthAlf, i));
/ISystem.out.printin("k = " + K);
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if( k <= indl)
{
p = indl / k;
//System.out.printin("p = " + p);
if (p < Alphabet.length())

cl = Alphabet.charAt(p);

indl = indl - p *K;

}

else cl = Alphabet.charAt(0);
/ISystem.out.printin("cl = " + cl);
ngram = ngram+cl ;

}

if (printl)

System.out.printin( "ngram = " + ngram +
"index = "+ ind);

return ngram;

}

| *
This procedure records in F the
frequency of appearance of n-grams in the given Text.
Each n-gram is given an index, a number that
identifies it in the vector F.
At the beginning, every entry of F is set to O.
The index of each n-gram of the Text is
calculated and the corresponding entry in F is
incremented by one.

*/

private static intVectorl0 nGramsFrequency(int n,

StringBuffer Text)
{

l/Zeroed initialization

intVectorl0 F = x.new intVectorl0();

int nText = Text.length();
System.out.printin("Length  of text = " + nText);
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int start = O;

int ind = O;

for(int c=0; ¢ < nText-n+1; c++)

{

String ngram = Text.substring(start, start+n);

ind = index(n,ngram);
/lif a given char of an n-gram is not in
/lthe alphabet, its index is negative:
/lyou must enlarge the alphabet else ignore it.
//We ignore it.
if (ind >= 0)
F.Flind] = F.F[ind] + 1,
start = start +1,

}

return F;

}

private static int findMax()
{
int max = O;
for(int i = 0; i< fregl.F.length; i++)
if (freql.F[i] > max ) max = freql.FJi];
return max;

public void mouseClicked( MouseEvent event )

int i (int) Math.floor(event.getX()/widthOfPixel);
int | (int) Math.floor(event.getY()/widthOfPixel);
int index = j  xpixelsPerRow + i

int freq = freql.F[index];

boolean counting = false;

int range = Painter.classification(index, counting);
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String nameOfColor = NamesColors[range];

String nGram = indexInverse(n,index);
barMessage.setText( String.format(
"Clicked at [%d, %d]," +
" index = %d, freq = %d, n-gram = %s, %s",
i, j, index, freq, nGram, nameOfColor) );

}

public void mousePressed( MouseEvent event }{ }
public void mouseReleased( MouseEvent event }{ }
public void mouseEntered( MouseEvent event )}{ }
public void mouseMoved( MouseEvent event ){ }
public void mouseDragged( MouseEvent event ){ }
public void mouseExited( MouseEvent event )}{ }

HIEnd of main class 187 nGramVisorb

96, page 186We changed some names as follows:

/lprogram 196 nGramVisor7

/[This program shows how to control repaint()
/lwith two buttons.

import java.awt.BorderLayout;
import java.awt.Color;

import java.awt.Dimension;

import java.awt.EventQueue;
import java.awt.Graphics;

import java.awt.Graphics2D,;
import java.awt.RenderingHints;
import java.awt.event.ActionEvent;
import javax.swing.AbstractAction;
import javax.swing.JButton;
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import javax.swing.JFrame;
import javax.swing.JPanel;

public class nGramVisor7 extends JPanel

{

private static final long serialVersionUID = 1L;
private boolean colorFlag;

public nGramVisor7()

{
this.setPreferredSize(new Dimension(640, 480));
}
public void toggle()
{
colorFlag = !colorFlag;
}
@Override
protected void paintComponent(Graphics Q)
{
super.paintComponent(g);
Graphics2D g2 = (Graphics2D) g;
g2.setRenderingHint(RenderingHints.KEY_ANTIALIASING
RenderingHints.VALUE_ANTIALIAS_ON);
if (colorFlag) {
g2.setColor(Color.red);
} else {
g2.setColor(Color.blue);
}
g2.drawLine(0, 0, getWidth(), getHeight());
System.out.printin("GGG");
}
private void starter()
{

JFrame f = new JFrame("n-gram visor");
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f.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
f.add(this, BorderLayout. CENTER);
f.add(new buttonPanel(this), BorderLayout.SOUTH);
f.pack();
f.setLocationRelativeTo(null);
f.setVisible(true);

}

public static void main(String[] args) {
EventQueue.invokeLater(new Runnable() {

@Override

public void run() {
new nGramVisor7().starter();
}

D

class buttonPanel extends JPanel {

private static final long serialVersionUID = 1L;
public buttonPanel(final nGramVisor7 v)
{

this.add

(new JButton

(new AbstractAction("Click™)

{
private static final long serialVersionUID = 1L;
@Override

public void actionPerformed(ActionEvent e)

{

v.toggle();
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v.repaint();

}
}
);

this.add
(new JButton
(new AbstractAction("Clpppck™)

{

private static final long serialVersionUID = 1L;

@Override
public void actionPerformed(ActionEvent e)
{
v.toggle();
v.repaint();
}
}
);
}

Y/End of main class 196 nGramVisor7

97, page 186Given our present state of development in the eJ commu-
nity, any explanation of horizontal transfer will do it. Bpmtrast, a lot of
work expects everyone that wants to pass from fuzzy ideasertorete re-
sults. At the mean time, the next code shows us that mergittgedtiea of
Internet with our code may produce a viable program althougipresents
in its actual state a rather imperfect solution.

/[Program 197 nGramVisor8

/[This program merges the idea from Internet
/lto our code to see whether or not we have a solution.

/lIntention:
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/[This program reads a proteome from a file,
/lignores commentaries,

/ldisplays its content in various slides,

/[carries an n-gram analysis and

/Imakes a graphic report

/laccording to a coloring code.

/In-grams with zero frequency,

/Imight also be reported

/ltogether with a frequency table of frequency ranges.
/[Feedback information is displayed.

/IScrolling is possible but because of memory demands,
/lit works very poorly.

/IThe color of the clicked pixel can be read

/lat the bottom bar.

/[To overcome troubles with too heavy graphics,

/lwe cut the great graphic into pieces that could be
/[shown without scrolling while offering the
/lpossibility to navigate along slides.

//So, we add two buttons, one for the next page and
/lthe other for the previous page.

/[Fasta .faa format is required.

import java.awt.BorderLayout;
import java.awt.Color;

import java.awt.Cursor;

import java.awt.Dimension;
import java.awt.EventQueue;
import java.awt.Graphics;
import java.awt.Graphics2D;
import java.awt.RenderingHints;
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import java.awt.event.ActionEvent;
import java.awt.event.MouseEvent;
import java.awt.event.MouseListener;
import java.io.BufferedReader;

import java.io.FileReader;

import java.io.lOException;

import java.util.NoSuchElementException;
import java.util.Scanner;

import javax.swing.AbstractAction;
import javax.swing.JButton;
import javax.swing.JFrame;
import javax.swing.JLabel,
import javax.swing.JPanel;

public class nGramVisor8 extends JPanel

{

private static final long serialVersionUID = 1L;

//IModify them as it pleases you:

/lletters per n-gram

private static int n = 3;

//Width of pixel

private static int widthOfPixel = 10;
//INumber of pixels per row

private static int pixelsPerRow = 40;
private static int pixelsPerPage;

private static int rowsPerPage;
private static int pageCounter;
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private static int counter;
private static int nPoints;

//Width of frame
private static int widthOfFrame = 1200;
/[Height of frame
private static int heightOfFrame = 1000;

/INumber of pixels per page in the vertical direction
private static int usefulPageHeight = 800;

/[Directory where your files are kept into

private static String nameOfFolder =
"lhome/josel/jose/AAjoser/Ciencia/" +
"GenomesComplete/GenomesSample/";

/IName of the species whose proteome is to be analyzed

private static String nameOfFile =

"Arcobacter_L uid158135.faa";

/[The alphabet conforms to fasta format

/[for amino acids (.faa extension).

/[Full .faa alphabet:

| *

/[Full .faa alphabet:

private static String Alphabet =
"ABCDEFGHIKLMNPQRSTUVW¥ZX

*/

//[Short .faa alphabet
private static String Alphabet =
"ACDEFGHIKLMNPQRSTVWY";

private static int freqTable[]] = new int[100];
private static int max = O;
private static String titlesFreqTable[] = new String[100]
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false;
false;

private static boolean printl
private static boolean print2

private JLabel barMessage;
/lInitialization of color variables

private static Color OurColors[ ] = {Color.BLACK,
Color.WHITE, Color.GRAY, Color.BLUE, Color.CYAN,
Color.YELLOW, Color.ORANGE, Color.PINK, Color.RED};
private static String NamesColors[ | = {"BLACK",
"WHITE", "GRAY", "BLUE", "CYAN",

"YELLOW", "ORANGE", "PINK", "RED"};

/llength of the Alphabet
private static int lengthAlf = Alphabet.length();

//INumber of n-grams
private static int N = (int) Math.pow(lengthAlf, n);

private static boolean counting = true;
private static int numberOfpages =0;
private static boolean go = true;

private static JButton nextPage =

new JButton("Next page");
private static JButton previousPage =
new JButton("Previous page");

/llinstantiation of main class
private static nGramVisor8 x = new nGramVisor8();

/[======= End of fundamental parameters

//Constructor of main class:
/[Primary instructions for initialization
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public nGramVisor8()

{

this.setPreferredSize(new Dimension(1200, 900));

this.setBackground(Color.white);

/A cursor is chosen

setCursor (Cursor.
getPredefinedCursor(Cursor.CROSSHAIR_CURSOR));

}

//Size of the drawing area
public Dimension getPreferredSize()

{

return new Dimension(widthOfFrame, heightOfFrame);

}

private void starter()

{
JFrame f = new JFrame("n-gram visor");
f.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
f.add(this, BorderLayout.BEFORE_FIRST_LINE);

f.add(new buttonPanel2(this), BorderLayout.SOUTH);
barMessage=new JLabel( "Right-click over a given pixel" );
f.pack();
f.setLocationRelativeTo(null);
f.setVisible(true);
MouseWork | = new MouseWork();
f.addMouseListener(l);
System.out.printin("n-gram analysis of " + nameOfFile);
System.out.printin("Length of alphabet = "

+ Alphabet.length());
System.out.printin("Number of letters per n-gram = " + n);
System.out.printin("Number of n-grams = " + N);
rangeTable();
rowsPerPage = usefulPageHeight/widthOfPixel;
pixelsPerPage = rowsPerPage * pixelsPerRow;
nPoints = freql.F.length;
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numberOfpages = nPoints/(pixelsPerPage);
counter = O;
pageCounter = O;

}

public static void main(String[] args)

{
/[Thread inauguration: assign second priority to this
EventQueue.invokeLater

(new Runnable()

{
@Override
public void run()
{
new nGramVisor8().starter();
}
}

);
Y/End of main

/[Draws a page of the great graphic
public static void drawPage(Graphics g2d, int pageCounter
{
counter = pageCounter * pixelsPerPage;
System.out.printin("counter at drawpage= " + counter);
for (int j = 0; (j < rowsPerPage) & go; j++)
{
for (int i = 0; (i < pixelsPerRow) & go; i++)
{
int index = pageCounter * pixelsPerPage +
| * pixelsPerRow + i
int range = classification(index);
if (printl)
System.out.printin("index = " + index + " range ="
+ range + "Frequency " + freql.F[index]);
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g2d.setColor(OurColors[range]);
/IPixel is drawn

g2d.fillOval( i *widthOfPixel, j *widthOfPixel,

widthOfPixel, widthOfPixel );
if (counter >= nPoints-1) go = false;
counter = counter+1;

/[Drawing tool
//Second method to be executed and
/lthen on always ready to get into action.
/[The vector of frequencies is displayed in
/l[graphic form according to a coloring code.
@Override
protected void paintComponent(Graphics Q)
{
super.paintComponent(g);
Graphics2D g2d = (Graphics2D) g;
[[Embellishment
g2d.setRenderingHint(RenderingHints.KEY_ANTIALIASIN
RenderingHints.VALUE_ANTIALIAS_ON);

drawPage(g2d, pageCounter);

/[Specifications for the frequency table
public static void definitions()

{

titlesFreqTable[0] = "freq = 0%

titlesFreqTable[1] = "freq = 1%

titlesFreqTable[2] = " 1 < freq < " + max/7,;
titlesFreqTable[3] = max/7 + " <= freq < " + 2
titlesFreqTable[4] = 2 *max/7 + " <= freq < " +

3

*max/7;
*max/7;
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titlesFreqTable[5] = 3 *max/7 + " <= freq <" + 4 * max/7,
titlesFreqTable[6] = 4 *max/7 + " <= freq <" + 5 +max/7;
titlesFreqTable[7] = 5 *max/7 + " <= freq <" + 6 *max/7;
titlesFreqTable[8] = 6 *max/7 + " <= freq <= " + max;

}

//Assigns a frequency range to the n-gram
/l[given by index.

/[Builds the frequency table by ranges.
/lcounting is a boolean flag for counting
public static int classification(int index)

{

int rangeNumber = -1;

/[Colors are assigned according to frequency
if ( freql.F[index] == 0)

{

if (counting) freqTable[0]++;
/ = System.out.printin(index + "
+ indexInverse(n, index));
*/
rangeNumber = 0;

}

if ( freql.F[index] == 1)
{
if (counting) freqTable[1]++;
/ = System.out.printin(index + "
+ indexInverse(n, index));
* [
rangeNumber = 1,

}

if (( freql.F[index] > 1) &
( freql.F[index] < max/7))
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{
if (counting) freqTable[2]++;
rangeNumber = 2;
}
if (( freql.F[index] >= max/7) &
( freql.Findex] < 2 * max/7))
{

if (counting) freqTable[3]++;
rangeNumber = 3;
}
if (( freql.F[index] >= 2 * max/7) &
( freql.Flindex] < 3 * max/7))
{

if (counting) freqTable[4]++;
rangeNumber = 4;

}
if (( freql.F[index] >= 3 *max/7) &
( freql.F[index] < 4 * max/7))
{

if (counting) freqTable[5]++;
rangeNumber = 5;

}
if (( freql.F[index] >= 4 *max/7) &
( freql.F[index] < 5 * max/7))
{

if (counting) freqTable[6]++;
rangeNumber = 6;
}

if (( freql.F[index] >= 5 * max/7) &
( freql.F[index] < 6 * max/7))
{
if (counting) freqTable[7]++;
rangeNumber = 7;
}

if (( freql.F[index] >= 6 *max/7) &

( freql.F[index] <= max))

{

if (counting) freqTable[8]++;
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rangeNumber = 8;

}

/[Counting must be done just once
counting = false;
return rangeNumber;

}

public static void report()
{
System.out.printin("Frequency table of " + " " + n
+ "-grams");
for(int j = 0; j < 9; j++)

System.out.printin(j + " " + freqTable[j]
+ " for range " + titlesFreqTable]j]
+ " " + NamesColorslj]);
/[Test

int sumNGrams = 0;
for(int j = 0; j < 9; j++4)
sumNGrams = sumNGrams + fregTable[j];
System.out.printin("Sum = " + sumNGrams + " " + n
+ "-grams");

/[Frequencies are grouped in ranges
public static void rangeTable()
{
try
{

/In-gram frequencies are found and kept in freql
findFrequencies();

}

catch (IOException e)

{
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}
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e.printStackTrace();

max = findMax();

definitions();

System.out.printin("Frequency scale goes from 0 to "
+ max + "\nCode for intensity from less to" +

more frequency: \n black (absence), " +

"white (freq = 1), gray, blue, cyan, yelow," +

orange, pink, red");

nPoints = freql.F.length;

for (int index = 0; (index < nPoints) & go; index++)

{
int range = classification(index);
if (printl)
System.out.printin("index = " + index + " range ="
+ range + "Frequency " + freql.F[index]);
}
report();
/[======== QOperative part ============

//IMachine for reading from hard disc
private static Scanner input;

//IPath to file
private static String path = nameOfFolder + nameOfFile;

private static StringBuffer proteome =
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new StringBuffer("");

[[======= Inner class intVector ========
/[This inner class defines a vector with
/linteger numbers as a new type
private class intVectorl0
{
int L = (int) Math.pow(lengthAlf, n);
int F[] = new int[L];

/[An instance of intVector can be
/linitialized in various ways:

/IAutomatic zeroed initialization
intVector10( )

{

for(int i = 0; i < L; i++)
Flil = 0;

}

Ylend of class intVector

private static intVectorl0 freql
= x.new intVector10();

public static void findFrequencies() throws IOException

{
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readData(path);
proteome = readData(path);
System.out.printin("length of proteome
+ proteome.length());
freql = nGramsFrequency(n, proteome);
if (print2)
{
System.out.println(proteome);
System.out.printin("Index, n-gram, and frequency");
for(int i = 0; i < freql.F.length; i++)
System.out.printin(i + "\t* + indexInverse(n, i)

+ "t" + freql.F[i]);
}

findMax();
}

/I We read record from file

public static StringBuffer readData(String path)
throws IOException

{

StringBuffer text = new StringBuffer(™");
/ltry and catch gates

try

FileReader fr = new FileReader(path);
BufferedReader br = new BufferedReader(fr);
String s = "

while((s = br.readLine()) '= null)

{

/[Filtering of first line of each subsequence
if (s.charAt(0) !'= '>" )

{

//System.out.printin(s);

text = text.append(s);

}
}
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fr.close();

}

catch ( NoSuchElementException elementException )
{

System.err.printin( "File is corrupted.” );

input.close();

System.exit( 1 );

catch ( lllegalStateException stateException )
{

System.err.printin( "Reading aborted.” );
System.exit( 1 );

}

return text;

}

/IReturns the index  of ngram in F[] vectors.

//An n-gram is a string with n chars taken from Alphabet.
/[Take it as a number in base = length of the Alphabet.
/[The index is that number in base 10.

private static int index(int n, String ngram)

{

char c1 ="

int p = 0;

int ind = 0;

boolean correct = true;

for(int i = 0; (i <n) & correct; i++)

{

cl = ngram.charAt(i);

p = Alphabet.indexOf(cl);

if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));

else

{

ind = -1;

/[Detecting the presence of an alien symbol
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correct = false;
System.out.printin("Alien : " + p);

}

}

if (printl)

System.out.printin( "ngram = " + ngram + " index ="
+ ind);

return ind;

}

/IReturns the n-gram corresponding to index ind
/[This is the inverse operation of index()
private static String indexInverse(int n, int ind)
{

char c1 ="~

int p = 0;

String ngram = ",

int k = 0;

int indl = ind;

/ISystem.out.printin("'n = " + n);

for(int i = n-1; 1 > -1; i--)

{

//System.out.printin(" *»x  \nlndex = " + indl);
k = ( int ) (Math.pow(lengthAlf, i));
/ISystem.out.printin("\k = " + Kk);

if( k <= indl)

{

p = indl / k;

/ISystem.out.printin("p = " + p);

if (p < Alphabet.length())

cl = Alphabet.charAt(p);

indl = indl - p *K;

}
else cl = Alphabet.charAt(0);
/ISystem.out.printin("cl = " + cl);

ngram = ngram+cl ;
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}

if (printl)

System.out.printin( "ngram = " + ngram +
" index =" + ind);

return ngram;

}

| *

This procedure records in F the

frequency of appearance of n-grams in the given Text.

Each n-gram is given an index, a number that

identifies it in the vector F.

At the beginning, every entry of F is set to O.

The index of each n-gram of the Text is

calculated and the corresponding entry in F is

incremented by one.

*/

private static intVectorl0 nGramsFrequency(int n,
StringBuffer Text)

{

//Zeroed initialization
intVectorl0 F = x.new intVectorl0();
int NText = Text.length();

System.out.printin("Length  of text = " + nText);
int start = O;

int ind = O;

for(int c=0; ¢ < nText-n+1; c++)

{

String ngram = Text.substring(start, start+n);

ind = index(n,ngram);

/lif a given char of an n-gram is not in

/lthe alphabet, its index is negative:

/lyou must enlarge the alphabet else ignore it.
//We ignore it.

if (ind >= 0)

F.F[ind] = F.F[ind] + 1;
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start = start +1;

}

return F;

}

private static int findMax()
{

int max = O;

for(int i = O; i< freql.F.length; i++)

if (freql.F[i] > max ) max = freql.F]i;
return max;

public class MouseWork implements MouseListener

{

public void mouseClicked( MouseEvent event )
{
int i (int) Math.floor(event.getX()/widthOfPixel);
int | (int) Math.floor(event.getY ()/widthOfPixel);
int index = j  xpixelsPerRow + i;
int freq = freql.F[index];
/lcounting = false;
int range = classification(index);
String nameOfColor = NamesColors[range];

String nGram = indexInverse(n,index);
barMessage.setText( String.format(
"Clicked at [%d, %d]," +
"Page number " + "page" +
" index = %d, freq = %d, n-gram = %s, %s",
i, j, index, freq, nGram, nameOfColor) );

}

public void mousePressed( MouseEvent event ){ }
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public void mouseReleased( MouseEvent event { }
public void mouseEntered( MouseEvent event ){ }
public void mouseMoved( MouseEvent event }{ }
public void mouseDragged( MouseEvent event ){ }
public void mouseExited( MouseEvent event ){ }

Y/End of inner class MouseWork

//[Buttons are implemented
class buttonPanel2 extends JPanel

{
private static final long serialVersionUID = 1L;

public buttonPanel2(final nGramVisor8 v)

{
this.add

//[Button = previous page

(new JButton
(new AbstractAction("Previous page"”)

{

private static final long serialVersionUID = 1L;

@Override

{

public void actionPerformed(ActionEvent e)

nGramVisor8.pageCounter--;
v.repaint();
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)

//[Button = next page

this.add

(new JButton

(new AbstractAction("next page")

{

private static final long serialVersionUID = 1L;

@Override

{

nGramVisor8.pageCounter++;
v.repaint();
}

}

public void actionPerformed(ActionEvent e)

)

/[Button = message by mouselistener

this.add

(new JButton

(new AbstractAction("Mouse listener action goes here")

{

private static final long serialVersionUID = 1L;

@Override
public void actionPerformed(ActionEvent e)
{
/Iv.toggle();
v.repaint();
}
}
));
}

H/IEnd of inner class buttonPanel2
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Y/End of class | 97 nGramVisor8

102, page 224.A method for the synthesis of proteomes with letters
concatenated at random was added and its output was givenaiphical
displaying. The result was disappointing: the table offieries got messy
but the most terrible thing was that that table strongly geahif the length
of the synthesized text was changed. The reason is that auisatepend
on a classification by absolute frequency ranges. But theserdl directly
on the length of analyzed text. So, with one length, one getsyadifferent
chart than beginning with a text with different length. Taveathis trouble,
we decided to choose a length equal to 5 times the number sfipp@s-
grams. In that way, all n-grams must have 5 representatipag from
sampling effects. In all cases the result was an n-gram ¢hatris highly
uniform all over its extension. The code follows:

/[Program 1102 nGramVisorall

/IThis program reads a proteome from a file,
/lor synthesizes one by random concatenation
/lof the letters of a given alphabet,

/lignores commentaries,

//makes a graphic report

/laccording to a coloring code.

//Codes are different for true proteomes

/lthan for false ones.

//Code is reported to the console
/ltogether with a frequency table of frequency ranges.

/[Feedback information is displayed.
/[The color of the clicked pixel can be read
/lat the SOUTH.

/[To overcome troubles with too heavy graphics,
/lwe cut the great graphic into pieces that could be
//shown without scrolling while offering the
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/lpossibility to navigate along slides.
//So, we add two buttons, one for the next page and
/lthe other for the previous page.

| *

To decide that a proteome must be synthesized
as random concatentaion of letters, choose
in line 82 the next instruction:

isProteomeTrue = false;
To choose a true proteome from a file, set it to true:
isProteomeTrue = true;

* [
/[Fasta .faa format is required.

import java.awt.BorderLayout;
import java.awt.Color;

import java.awt.Cursor;

import java.awt.Dimension;

import java.awt.EventQueue;

import java.awt.Graphics;

import java.awt.Graphics2D;

import java.awt.RenderingHints;
import java.awt.event.ActionEvent;
import java.awt.event.ActionListener;
import java.awt.event.MouseEvent;
import java.awt.event.MouseListener;
import java.io.BufferedReader;
import java.io.FileReader;

import java.io.lIOException;

import java.util. NoSuchElementException;
import java.util.Random;

import java.util.Scanner;



399

import javax.swing.JButton;
import javax.swing.JFrame;
import javax.swing.JLabel,
import javax.swing.JPanel;

public class nGramVisorall extends JPanel

{

private static final long serialVersionUID = 1L;

/[========Fundamental parameters========
//IModify them as it pleases you:

/IA true proteome is read from a file,

/la false one is synthesized by randomness.

/[The length of synthesized proteome is supposed to be
/ffive times the number of possible n-grams.

private static boolean isProteomeTrue = false;

/lletters per n-gram

private static int n = 4;

//Width of pixel

private static int widthOfPixel = 1;
//INumber of pixels per row

private static int pixelsPerRow = 500;
private static int pixelsPerPage;

private static int rowsPerPage;
private static int page;

private static int shownPixels;
private static int nPoints;
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//Width of frame
private static int widthOfFrame = 1200;
/[Height of frame
private static int heightOfFrame = 800;

/INumber of pixels per page in the vertical direction
private static int usefulPageHeight = 500;

/[Directory where your files are kept into

private static String nameOfFolder =
"Ihome/josel/jose/AAjoser/Ciencia/" +
"GenomesComplete/GenomesSample/”;

/IName of the species whose proteome is to be analyzed

private static String nameOfFile =

"Arcobacter_L uid158135.faa";

/[The alphabet conforms to fasta format

/lfor amino acids (.faa extension).

/[Full .faa alphabet:

| *

/[Full .faa alphabet:

private static String Alphabet =
"ABCDEFGHIKLMNPQRSTUVWY¥ZX

*/

//[Short .faa alphabet
private static String Alphabet =
"ACDEFGHIKLMNPQRSTVWY";

private static int freqTable[] = new int[100];
private static int max = O;
private static String titlesFreqTable[] = new String[100]

false;
false;

private static boolean printl
private static boolean print2
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/Mnitialization of color variables

private static Color OurColors[ ] = {Color.BLACK,
Color.WHITE, Color.GRAY, Color.BLUE, Color.CYAN,
Color.YELLOW, Color.ORANGE, Color.PINK, Color.RED};
private static String NamesColors[ | = {"BLACK",
"WHITE", "GRAY", "BLUE", "CYAN",

"YELLOW", "ORANGE", "PINK", "RED"}

/llength of the Alphabet
private static int lengthAlf = Alphabet.length();

//Number of n-grams
private static int N = (int) Math.pow(lengthAlf, n);

private static boolean counting = true;

private static int numberOfPages =0;

private static boolean go = true;

private static String message = ",

private JLabel label = new JLabel("Click over a pixel");
/IGenerator of random numbers

private static Random r = new Random();
/lInstantiation of main class

private static nGramVisorall x = new nGramVisorall();

JFrame f = new JFrame("n-gram visor");

/[======= End of fundamental parameters

//Constructor of main class:
/[Primary instructions for initialization
public nGramVisorall()
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{

this.setPreferredSize(

new Dimension(widthOfFrame, heightOfFrame));

this.setBackground(Color.white);

/IA cursor is chosen

setCursor (Cursor.
getPredefinedCursor(Cursor.CROSSHAIR_CURSOR));

}

private void starter()

{

System.out.printin("n-gram analysis of " + nameOfFile);
System.out.printin("Length of alphabet = "

+ Alphabet.length());
System.out.printin("Number of letters per n-gram = " + n);
System.out.printin("Number of possible n-grams = " + N);
f.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
f.add(this, BorderLayout.BEFORE_FIRST_LINE);
f.add(new buttonPanel5(this), BorderLayout.SOUTH);
f.add(label);
f.pack();
f.setLocationRelativeTo(null);
f.setVisible(true);

MouseWork2 | = new MouseWork2();
f.addMouseListener(l);
rangeTable();

public static void main(String[] args)

{

/[Thread inauguration: assigns second priority to this
EventQueue.invokeLater
(new Runnable()

{



@Override
public void run()

{
}

new nGramVisorall().starter();

}
);
}/End of main

//buttonsHousekeeping
private static void buttonsHousekeeping()
{
if (page <= 0)
{
nGramVisorall.buttonPanel5.previousPage.setEnabled(
nGramVisorall.buttonPanel5.nextPage.setEnabled(true
}
if (page >= numberOfPages)

{
nGramVisorall.buttonPanel5.previousPage.setEnabled(
nGramVisorall.buttonPanel5.nextPage.setEnabled(fals

}

if (page >= 0) & (page <=numberOfPages)) go = true;
else go = false;
if (numberOfPages == 0)

{
nGramVisorall.buttonPanel5.previousPage.setEnabled(
nGramVisorall.buttonPanel5.nextPage.setEnabled(fals

}
}

/[Draws a page of the great graphic

private static void drawPage(Graphics g2d, int page)
{

shownPixels = page *pixelsPerPage;
buttonsHousekeeping();

403

false);



404 ANSWERS TO EXERCISES

//Page is displayed
for (int j = 0; (j < rowsPerPage) & go; j++)

{

for (int i = 0; (i < pixelsPerRow) & go; i++)
{
int index = page * pixelsPerPage +

| * pixelsPerRow + i
int range = classification(index, isProteomeTrue);
if (printl)
System.out.printin("index = " + index + " range = "
+ range + "Frequency " + freql.F[index]);

g2d.setColor(OurColors[range));
/[Pixel is drawn
g2d.fillOval( i * WidthOfPixel, j * widthOfPixel,
widthOfPixel, widthOfPixel );
if (shownPixels >= nPoints-1) go = false;
shownPixels = shownPixels+1;

}
}
}

/[Drawing tool
/ISecond method to be executed and
/lthen on always ready to get into action.
/[The vector of frequencies is displayed in
/l[graphic form according to a coloring code.
@Override //Repainting is allowed
protected void paintComponent(Graphics Q)
{
super.paintComponent(g);
Graphics2D g2d = (Graphics2D) g;
/[Embellishment = clogging code
if (n==3)
g2d.setRenderingHint(RenderingHints.KEY_ANTIALIASIN
RenderingHints.VALUE_ANTIALIAS_ON);
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drawPage(g2d, page);

//Specifications for the frequency table
private static void definitions()

{

if (isProteomeTrue)
{
titltesFreqTable[0] = "freq = 0"
titlesFreqTable[1] = "freq = 1"
titlesFreqTable[2] = " 1 < freq < " + max/7,
titlesFreqTable[3] = max/7 + " <= freq < " + 2 *max/7;
titlesFreqTable[4] = 2 *max/7 + " <= freq <" + 3 *max/7;
titlesFreqTable[5] = 3 *max/7 + " <= freq <" + 4 * max/7,
titlesFreqTable[6] = 4 *max/7 + " <= freq <" + 5 *max/7,
titlesFreqTable[7] = 5 *max/7 + " <= freq <" + 6 *max/7;
titlesFreqTable[8] = 6 *max/7 + " <= freq <= " + max;
}
else
{

for(int i = 0; 1 < 8; i++)

tittesFreqTable[i] = " freq = " + |;

titlesFreqTable[8] = 8 + " freq >= 8 " ;
}

}

/IAssigns a frequency range to the n-gram
/l[given by index.

/[Builds the frequency table by ranges.
/lcounting is a boolean flag for counting
private static int classification(int index)

{

int rangeNumber = -1;
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/[Colors are assigned according to frequency

if ( freql.F[index] == 0)
{

if (counting) freqTable[0]++;
/ * System.out.printin(index + "
+ indexInverse(n, index));
* [
rangeNumber = 0;

}

if ( freql.F[index] == 1)
{
if (counting) freqTable[1]++;
/ = System.out.printin(index + "
+ indexInverse(n, index));
*/
rangeNumber = 1,

}

if (( freql.F[index] > 1) &
( freql.F[index] < max/7))
{

if (counting) freqTable[2]++;
rangeNumber = 2;

}

if (( freql.F[index] >= max/7) &
( freql.F[index] < 2 * max/7))
{

if (counting) freqTable[3]++;
rangeNumber = 3;
}
if (( freql.F[index] >= 2 * max/7) &
( freql.Flindex] < 3 * max/7))
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{
if (counting) freqTable[4]++;
rangeNumber = 4;

}
if (( freql.F[index] >= 3 *max/7) &
( freql.F[index] < 4 * max/7))
{

if (counting) freqTable[5]++;
rangeNumber = 5;

}
if (( freql.F[index] >= 4 *max/7) &
( freql.F[index] < 5 * max/7))
{

if (counting) freqTable[6]++;
rangeNumber = 6;
}

if (( freql.F[index] >= 5 * max/7) &
( freql.F[index] < 6 * max/7))
{
if (counting) freqTable[7]++;
rangeNumber = 7;
}

if (( freql.F[index] >= 6 *max/7) &

( freql.F[index] <= max))

{

if (counting) freqTable[8]++;
rangeNumber = 8;

}

return rangeNumber;

}

private static int classification2(int index)

{

int rangeNumber = -1;
/[Colors are assigned according to frequency
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for(int i = 0; i < 8; i++)
{
if ( freql.F[index] == i)
{
if (counting) freqTable[i]++;
rangeNumber = i;
}
}
if (freql.F[index] >= 8)
{
if (counting) freqTable[8]++;
rangeNumber = 8;

}

return rangeNumber;

}

//Assigns a frequency range to the n-gram
/lgiven by index.

/[Builds the frequency table by ranges.
/lcounting is a boolean flag for counting

private static int classification(int index, boolean isPr oteomeTr
{

int output = O;

if (isProteomeTrue) output = classification(index);

else output = classification2(index);
return output;

}

/[Frequency table is reported
private static void report(int max)

{

System.out.printin("Frequency table of " + " " + n
+ "-grams");
for(int j = 0; j < 9; j++4)
System.out.printin(j + " " + freqTable[j]



+ " for range " + titlesFreqTable]j]
+ " " + NamesColorslj]);

/[Test
int sumNGrams = 0;
for(int j = 0; j < 9; j++4)

System.out.printin("Sum =

sumNGrams = sumNGrams + fregTable[j];
" + sumNGrams + " " + n
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+ "-grams");

/[Frequencies are grouped in ranges
private static void rangeTable()

{

try
{

/In-gram frequencies are found and kept in freql
findFrequencies();

}
catch (IOException e)

{
e.printStackTrace();

}
max = findMax(freql);
definitions();

System.out.printin("Frequency scale goes from 0 to "
+ max + "\nCode for intensity from less to" +

" more frequency: \n black (absence), " +

"white (freq = 1), gray, blue, cyan, yelow,” +

orange, pink, red");

nPoints = freql.F.length;

for (int index = 0; (index < nPoints) & go; index++)

{
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int range = classification(index, isProteomeTrue);

if (printl)

System.out.printin("index = " + index + " range =
+ range + "Frequency " + freql.F[index]);

}

//Counting of frequencies must be done just once
counting = false;
report(max);

//IMachine for reading from hard disc
private static Scanner input;

//IPath to file
private static String path = nameOfFolder + nameOfFile;

private static StringBuffer proteome =
new StringBuffer(");

/[=======Inner class intVector ========
/[This inner class defines a vector with
/linteger numbers as a new type
private class intVectorl2
{
int L = (int) Math.pow(lengthAlf, n);
int F[] = new int[L];

/IAn instance of intVector can be
/linitialized in various ways:

/IAutomatic zeroed initialization
intVector12( )



{
for(int i = 0; i < L; i++)
Flil = 0;

}

Hlend of class intVector

private static intVectorl2 freql
= x.new intVectorl2();

/[Frequencies of n-grams are calculated
private static StringBuffer randomProteome()

{
StringBuffer randText = new StringBuffer(");

char ¢ = " 7
/IN = number of possible n-grams

for(int i = 0; i < 5 *N; i++)

int kK = r.nextint(lengthAlf);

c = Alphabet.charAt(k);

/[lchar is appended to text
randText = randText.append(c);

}

return randText;

}

/[Frequencies of n-grams are calculated

private static void findFrequencies() throws IOException

{

if (isProteomeTrue)

411
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proteome = readData(path);

else proteome = randomProteome();

rowsPerPage = usefulPageHeight/widthOfPixel;
pixelsPerPage = rowsPerPage * pixelsPerRow;
//Bug has been corrected!

freql = nGramsFrequency(n, proteome);

nPoints = freql.F.length;

numberOfPages = nPoints/pixelsPerPage;

if (numberOfPages * pixelsPerPage == nPoints)
numberOfPages--;

System.out.printin("Number of pages = " + numberOfPages);

System.out.printin("length of proteome = "
+ proteome.length());

if (print2)
{
System.out.println(proteome);
System.out.printin("Index, n-gram, and frequency");
for(int i = 0; i < freql.F.length; i++)
System.out.printin(i + "\t" + indexInverse(n, i)
+ "t" + freql.F[i]);

/I We read record from file

private static StringBuffer readData(String path)
throws 10OException

{

StringBuffer text = new StringBuffer("");
/ltry and catch gates

try

{
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FileReader fr = new FileReader(path);
BufferedReader br = new BufferedReader(fr);
String s = ™

while((s = br.readLine()) != null)

{

/IFiltering of first line of each subsequence
if (s.charAt(0) = >’ )

{

//System.out.printIn(s);

text = text.append(s);

}
}

fr.close();

}

catch ( NoSuchElementException elementException )
{

System.err.printin( "File is corrupted.” );
input.close();

System.exit( 1 );

}

catch ( lllegalStateException stateException )
{

System.err.printin( "Reading aborted.” );
System.exit( 1 );

}

return text;

}

/IReturns the index  of ngram in F[] vectors.

//An n-gram is a string with n chars taken from Alphabet.
/ITake it as a number in base = length of the Alphabet.
//[The index is that number in base 10.

private static int index(int n, String ngram)

{

char c1 = "
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int p = 0O;

int ind = 0;

boolean correct = true;

for(int i = 0; (i <n) & correct; i++)
{

cl = ngram.charAt(i);

p = Alphabet.indexOf(cl);

if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else

{

ind = -1;

/IDetecting the presence of an alien symbol

correct = false;

System.out.printin("Alien : " + p);

}

}

if (printl)

System.out.printin( "ngram = " + ngram + " index = "
+ ind);

return ind;

}

/IReturns the n-gram corresponding to index ind
/[This is the inverse operation of index()
private static String indexInverse(int n, int ind)

{

char c1 =" 7

int p = 0;

String ngram = ™

int k = 0;

int indl = ind;

/ISystem.out.printin("\n = " + n);

for(int i = n-1; i > -1; i--)

{

//System.out.printin(" % \nlndex = " + indl);

k = ( int ) (Math.pow(lengthAlf, i));
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lISystem.out.printin("k = " + K);
if( k <= indl)

{

p = indl / k;
//System.out.printin("p = " + p);

if (p < Alphabet.length())
cl = Alphabet.charAt(p);

indl = indl - p *K;

}

else cl = Alphabet.charAt(0);

//System.out.printin("cl = " + cl);

ngram = ngram+cl ;

}

if (printl)

System.out.printin( "ngram = " + ngram +
"index = "+ ind);

return ngram;

}

| *

This procedure records in F the

frequency of appearance of n-grams in the given Text.

Each n-gram is given an index, a number that

identifies it in the vector F.

At the beginning, every entry of F is set to O.

The index of each n-gram of the Text is

calculated and the corresponding entry in F is

incremented by one.

* [

private static intVectorl2 nGramsFrequency(int n,
StringBuffer Text)

{

l/Zeroed initialization
intVectorl2 F = x.new intVectorl2();
int nText = Text.length();
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System.out.printin("Length  of working text = " + nText);
int start = 0O;

int ind = 0;

for(int c=0; ¢ < nText-n+1; c++)

{

String ngram = Text.substring(start, start+n);

ind = index(n,ngram);

/lif a given char of an n-gram is not in
/lthe alphabet, its index is negative:
/lyou must enlarge the alphabet else ignore it.
/[/We ignore it.

if (ind >= 0)

F.F[ind] = F.F[ind] + 1,

start = start +1,

}

findMax(freql);

return F;

}

/IMaximal frequency is found

private static int findMax(intVectorl2 freql)
{

int max = O;

for(int i = 0O; i< freql.F.length; i++)

if (freql.F[i] > max ) max = freql.F]i];
return max;

private class MouseWork2 implements MouseListener

{

public void mouseClicked( MouseEvent event )

{
/ISystem.out.printin(event.getX()+ " " + event.getY());

int i = (int) Math.floor(event.getX()/widthOfPixel);
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/128 = Interference from label
int j = (int) Math.floor((event.getY()-28)/widthOfPixel
int index = page * pixelsPerPage +

j * pixelsPerRow + i;
int freq = freql.F[index];
/lcounting = false;
int range = classification(index, isProteomeTrue);
String nameOfColor = NamesColors[range];
String nGram = indexInverse(n,index);
message = String.format(

"Clicked at [%d, %d]," +
" Page = %d," +

" index = %d, freq = %d, n-gram = %s, %s",

I, J, page, index, freq, nGram, nameOfColor);
label.setText(message);

}

public void mousePressed( MouseEvent event }{ }

public void mouseReleased( MouseEvent event }{ }
public void mouseEntered( MouseEvent event ){ }

public void mouseExited( MouseEvent event ){ }

Y/End of inner class MouseWork

//[Buttons are implemented
static class buttonPanel5 extends JPanel

{

private static final long serialVersionUID = 1L;
final static JButton previousPage =

new JButton("Previous page");
final static JButton nextPage = new JButton("Next page");
//IConstructor
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private buttonPanel5(final nGramVisorall v)

{

//[Button = previous page

this.add(previousPage);
previousPage.addActionListener(new ActionListener()

{

public void actionPerformed(ActionEvent e)
{
nGramVisorall.page--;

v.repaint();

if (page <= 0)

{
previousPage.setEnabled(false);
nextPage.setEnabled(true);
go = false;

}

else

{
previousPage.setEnabled(true);
go = true;

}

}
bk

//[Button = next page

this.add(nextPage);
nextPage.addActionListener(new ActionListener()

{

public void actionPerformed(ActionEvent e)
{
nGramVisorall.page++;
v.repaint();
if (page >= numberOfPages)
{
nextPage.setEnabled(false);
previousPage.setEnabled(true);
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go = false;

}

else

{

nextPage.setEnabled(true);
previousPage.setEnabled(true);
go = true;

}
D

H/IEnd of constructor of buttonPanel3
Y/IEnd of inner class buttonPanel3
H/IEnd of class 1102 nGramVisorall

107, page 242.

| *
Program 1107 twoFreqtables2

This program tests the null hypothesis that
n-gram frequencies fits

a uniform distribution.

If this hypothesis is accepted,

randomness is the explanation of our beings.
Otherwise, we are invited to formulate more
complex, more attractive hypotheses so,

we are invited to make science.

Specifically:

This program calculates the  frequency tables
of n-grams of two true proteomes and
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other two that are synthetic
and displays the corresponding graphics.

True proteomes are read from a file,

Fasta .faa format is required.

False proteomes are synthesized by random concatenation
of the letters of a given alphabet,

the length of the first one is equal to

the length of the fist real proteome

and likewise with the second.

Relative frequencies result from dividing
absolute frequencies by the number of n-grams
that are contained in the studied proteome.

In that way, relative frequencies add up to one
and are independent of the length of the text.

Relative frequencies are classified by ranges
and so we get the frequency tables
whose bar charts are displayed.

A Smirnov Kolmogorov test is carried out
to test the hypothesis that

n-gram frequencies fits

a uniform distribution.

Two tries are made.

*/

import java.awt.BorderLayout;
import java.awt.Color;

import java.awt.Cursor;
import java.awt.Dimension;
import java.awt.EventQueue;
import java.awt.Graphics;



import java.awt.Graphics2D;
import java.awt.RenderingHints;

import java.io.BufferedReader;

import java.io.FileReader;

import java.io.lOException;

import java.util.NoSuchElementException;
import java.util.Random;

import java.util.Scanner;

import javax.swing.JFrame;
import javax.swing.JLabel,
import javax.swing.JPanel;

public class twoFreqTables2 extends JPanel

{

private static final long serialVersionUID = 1L;

/[========Fundamental parameters========

/[=====Modify them as it pleases you====

/lletters per n-gram
private static int n = 2;

//Width of frame
private static int widthOfFrame = 1200;
//Height of frame
private static int heightOfFrame = 800;

//Width of bars in bar chart
private static int widthOfBar = 50;

421
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/[Directory where your files are kept into

private static String nameOfFolder =
"Ihome/josel/jose/AAjoser/Ciencia/" +
"GenomesComplete/GenomesSample/”;

/INames of two species whose proteomes are to be compared

private static String nameOfFilel =

"Arcobacter L uid158135.faa";

private static String nameOfFile2 =

"Zymomonas_mobilis_ ATCC_10988 uid55403.faa";

private static String nameOfFile3 =

"Synthetic-1";

private static String nameOfFile4 =

"Synthetic-2";

/ = The alphabet conforms to fasta format
for amino acids (.faa extension).

/[Full .faa alphabet:

private static String Alphabet =
"ABCDEFGHIKLMNPQRSTUVW¥ZX

*/

//[Short .faa alphabet

private static String Alphabet =
"ACDEFGHIKLMNPQRSTVWY";

private static String titlesFreqTable[] = new String[100]

private static boolean printl = false;
private static boolean print2 = false;

//Initialization of color variables
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private static Color OurColors[ ] =
{Color.BLACK, Color.BLUE, Color.CYAN, Color.GRAY,
Color.GREEN, Color.MAGENTA, Color.ORANGE,
Color.PINK, Color.RED, Color.YELLOW,
Color.black, Color.blue, Color.cyan, Color.gray,
Color.green, Color.magenta, Color.orange,
Color.PINK, Color.RED, Color.WHITE, Color.YELLOW};
private static String NamesColors[ ] =
{"BLACK","BLUE", "CYAN","GRAY",
"GREEN", "MAGENTA", "ORANGE",
"PINK", "RED", "YELLOW",
"black”, "blue", "cyan", "gray",
"green”, "magenta”, "orange",
"pink”, "red", "white", "yellow"};

/llength of the Alphabet
private static int lengthAlf = Alphabet.length();

//INumber of n-grams
private static int N = (int) Math.pow(lengthAlf, n);

private static JLabel label = new JLabel("TTTT");

//IMachine for reading from hard disc
private static Scanner input;

//Path to file
private static String pathl nameOfFolder + nameOfFilel,
private static String path2 nameOfFolder + nameOfFile2;
//Proteomes: two real, two synthetic
private static StringBuffer proteomel =
new StringBuffer(");

private static StringBuffer proteome2 =

new StringBuffer(™);
private static StringBuffer proteome3 =

new StringBuffer(");
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private static StringBuffer proteome4 =
new StringBuffer(™);

/IVectors to keep relative frequencies
private static double[] freql
= new double[N] ;

private static double[] freq2

= new double[N];
private static double[] freq3

= new double[N];
private static double[] freq4

= new double[N];
/[IMaximal values of freg-ith vectors
private static double maxl, max2, max3, max4,
/IGlobal maximal value = the greatest max
private static double max;
private static int nMarks;
private static double delta;

/[Frequencies are classified by ranges

private static int freqTablel][] new int[100];
private static int freqTable2[] new int[100];
private static int freqTable3]] new int[100];
private static int freqTable4[] = new int[100];

/IGenerator of random numbers
private static Random r = new Random();

JFrame f = new JFrame(
"Relative frequency tables of two proteomes");

/[======= End of fundamental parameters
/[Constructor of main class:

/[Primary instructions for initialization
public twoFreqTables2()



{

this.setPreferredSize(

new Dimension(widthOfFrame, heightOfFrame));
this.setBackground(Color.white);
/A cursor is chosen
setCursor (Cursor.
getPredefinedCursor(Cursor.CROSSHAIR_CURSOR));

}

/[This i how the application begins

private void starter() throws IOException

{

System.out.printin("Comparative n-gram analysis of \n"
+ nameOfFilel + "\n and \n"

+ nameOfFile2 + "\n");
System.out.printin("Length of alphabet =
+ Alphabet.length());

System.out.printin("Number of letters per n-gram = " + n);

System.out.printin("Number of possible n-grams = " + N);

f.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);

f.add(this, BorderLayout.BEFORE_FIRST_LINE);

f.add(label);

f.pack();

f.setLocationRelativeTo(null);

f.setVisible(true);

//Proteomes are read from files or are synthesized

readProteomes();

//All the work is done

study();

public static void main(String[] args)

{

/[Thread inauguration: assigns second priority to this

425
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EventQueue.invokeLater
(new Runnable()
{
@Override
public void run()

{
try {
new twoFreqTables2().starter();
} catch (IOException e) {
e.printStackTrace();

}
}
}
);

H/End of main

/[Draws bar charts
private static void drawCharts(Graphics g2d)
{
int xo = 10;
int yo = 120;
int maxHeight = 100;
int height;
/[Proteomel
for (int i = 0; (i < nMarks) ; i++)
{
double r = freqTablel]i];
height = (int) ((r/max ) * maxHeight);
g2d.setColor(OurColors|i]);
g2d.drawRect(xo + i *widthOfBar, yo-height,
widthOfBar, height);
}
/[Proteome?2
for (int i = 0; (i < nMarks) ; i++)
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double r = freqTable2]i];

height = (int) ((r/max ) * maxHeight);
g2d.setColor(OurColorsJi]);

g2d.drawRect(xo + i *widthOfBar, 2  *yo-height,
widthOfBar, height);

}
//Proteome3

for (int i = 0; (i < nMarks) ; i++)

double r = freqTable3[i];
height = (int) ((r/max ) * maxHeight);
g2d.setColor(OurColorsJi]);
g2d.drawRect(xo + i *widthOfBar, 3  *yo-height,
widthOfBar, height);
}
//Proteome4
for (int i = 0; (i < nMarks) ; i++)

double r = freqTable4]i];
height = (int) ((r/max ) * maxHeight);
g2d.setColor(OurColorsJi]);
g2d.drawRect(xo + i *widthOfBar, 4  *yo-height,
widthOfBar, height);

}

label.setText( nameOfFilel + *; " + nameOfFile2 + *;
+ nameOfFile3 + "; " + nameOfFile4 + ". ");
label.setVisible(true);

}

//[Drawing tool
//Second method to be executed and
/lthen on always ready to get into action.

protected void paintComponent(Graphics Q)

{

super.paintComponent(g);
Graphics2D g2d = (Graphics2D) g;
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//Embellishment
g2d.setRenderingHint(RenderingHints.KEY_ANTIALIASIN
RenderingHints.VALUE_ANTIALIAS_ON);

drawCharts(g2d);

/[Title specifications for the frequency table
private static void definitions(double max)
{

System.out.printin(  "maxh = "+ max);
/IScale is found

double k = makx;

double j = O;

while (k < 1)

k = k = 10;

delta = 1,
delta = delta / Math.pow(10, j+1);
System.out.printin("j = " + j + " Delta = "+ delta);

nMarks = (int) (max/delta) + 2;
if (nMarks > 20)
{
delta = delta * 10;
nMarks = nMarks/10+2;

}
for(int i = 0; i < nMarks; i++)
titlesFreqTable[i] = " freq = " + i + " * "+ delta;

}



//Builds the frequency table by ranges.
/lcounting is a boolean flag for counting
private static int[] classification(double[] freq,

double max)
{

int freqTable[]] = new int[100];
boolean go = true;
for(int index = 0; index < freq.length; index++)
{
for(int i = 0; (i < (nMarks+4) & (go)); i++)
{

if (( freq[index] >= i xdelta) &
( freqindex] < (i+1) * delta))
{
freqTable[i]++;
go = false;
}
}
go = true;
}
return freqTable;
}

/[Frequency table is reported
private static void reportTable(int[] freqTable)
{
System.out.printin("Frequency table of " + " " + n
+ "-grams ");
for(int j = 0; j < nMarks; j++)

System.out.printin(j + " " + freqTable[j]
+ " for range " + titlesFreqTable]j]
+ " " + NamesColorslj]);
/l[Test

int sumNGrams = O;
for(int j = 0; j < nMarks; j++)

429
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sumNGrams = sumNGrams + freqTablelj];
System.out.printin("Sum = " + sumNGrams + " " + n
+ "-grams");
}

/[Frequency tables are reported

private static void reportTables()

{

System.out.printin("\n " + nameOfFilel);
reportTable(freqTablel);
System.out.printin(\n " + nameOfFile2);
reportTable(freqTable2);
System.out.printin("\n " + nameOfFile3);
reportTable(freqTable3);
System.out.printin("\n " + nameOfFile4);
reportTable(freqTable4);

}

/[Frequencies are grouped in ranges
private static void rangeTables() throws IOException

{

max1l = findMax(freql);
max2 = findMax(freq2);
max3 = findMax(freq3);
max4 = findMax(freq4);

/A global max is found to define a universal scale
max = maxl,

if (max < max2) max = max2;
if (max < max3) max = maxs3;
if (max < max4) max = max4;

System.out.printin("\nGlobal max of relative freq =" +
n II+ maX + Il\nll);
definitions(max);

freqTablel = classification(freql, max);
freqTable2 = classification(freq2, max);
freqTable3 = classification(freq3, max);
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freqTable4 = classification(freq4, max);

maxl = findMax(freqTablel);
max2 = findMax(freqTable2);
max3 = findMax(freqTable3);
max4 = findMax(freqTable4);

/IA global max is found to define a universal scale
max = maxl;
if (max < max2) max = max2;
if (max < max3) max = max3;
if (max < max4) max = max4;
System.out.printin("\nGlobal max of absolute freq =" +
" "+ max + "\n");

/IAll the work is done

private static void study() throws IOException

{

/In-gram frequencies are found and kept in freql
findFrequencies();

rangeTables();

reportTables();

//Smirnov-Kolmogorov test
System.out.printin("\nKolmogorov-Smirnov Test: " +
"proteomel vs randomness");
SKTest(freqTablel,freqTable3);

System.out.printin("\nKolmogorov-Smirnov Test: " +
"proteome2 vs randomness");

SKTest(freqTable2,freqTabled);

/[Frequencies of n-grams are calculated
private static StringBuffer randomProteome(int length)
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{

StringBuffer randText = new StringBuffer(™);
char c = '

/IN = number of possible n-grams

for(int i = 0; i < length; i++)

int k = r.nextint(lengthAlf);

¢ = Alphabet.charAt(k);

/lchar is appended to text
randText = randText.append(c);

}

return randText;

}

/[True proteomes are read from files,

/lfalse ones are synthesized.

private static void readProteomes() throws IOException
{

proteomel = readData(pathl);

proteome2 = readData(path2);

int length = proteomel.length();

proteome3 = randomProteome(length);

length = proteome2.length();

proteome4 = randomProteome(length);

}

/[Frequencies of n-grams are calculated

private static void findFrequencies() throws IOException
{

System.out.printin("\nProteome 1: " + nameOfFilel);
/In is the number of letters in n-grams

freql = nGramsFrequency(n, proteomel);
System.out.printin("\nProteome 2: " + nameOfFile2);
freg2 = nGramsFrequency(n, proteome2);
System.out.printin("\nProteome 3: synthetic");

freg3 = nGramsFrequency(n, proteome3);
System.out.printin("\nProteome 4: synthetic");

freq4 = nGramsFrequency(n, proteome4);



if (print2)
{

System.out.printin(proteomel);

System.out.printin("Index, n-gram, and frequency");

for(int i = 0; i < freql.length; i++)
System.out.printin(i + "\t" + indexInverse(n, i)
+ "t" + freql[i]);

Il ' We read record from file

private static StringBuffer readData(String path)
throws I0OException

{

StringBuffer text = new StringBuffer("");
/itry and catch gates

try

{

FileReader fr = new FileReader(path);
BufferedReader br = new BufferedReader(fr);
String s = "

while((s = br.readLine()) != null)

{

/IFiltering of first line of each subsequence
if (s.charAt(0) = '>" )

{

//System.out.printIn(s);

text = text.append(s);

}
}

fr.close();

}

catch ( NoSuchElementException elementException )
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{

System.err.printin( "File is corrupted.” );
input.close();

System.exit( 1 );

}

catch ( IlllegalStateException stateException )
{

System.err.printin( "Reading aborted." );
System.exit( 1 );

}

return text;

}

/IReturns the index  of ngram in F[] vectors.

/[An n-gram is a string with n chars taken from Alphabet.
/[Take it as a number in base = length of the Alphabet.
/[The index is that number in base 10.

private static int index(int n, String ngram)

{

char c1 = ' ’;

int p = 0;

int ind = 0;

boolean correct = true;

for(int i = O; (i <n) & correct; i++)
{

cl = ngram.charAt(i);

p = Alphabet.indexOf(cl);

if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else

{

ind = -1;

/[Detecting the presence of an alien symbol

correct = false;

System.out.printin("Alien : " + p);

}
}



if (printl)

System.out.printin( "ngram = " + ngram + " index = "
+ ind);

return ind;

}

/IReturns the n-gram corresponding to index ind
/[This is the inverse operation of index()

private static String indexInverse(int n, int ind)

{

char c1 = '’

int p = 0;

String ngram = ™

int k = 0;

int indl = ind;
//ISystem.out.printin("\n = " + n);
for(int i = n-1; i > -1; i--)

{

//System.out.printin(" »x \nlndex = " + indl);

k = ( int ) (Math.pow(lengthAlf, i));
//ISystem.out.printin("\k = " + k);

if( k <= indl)

{

p = indl / k;

//ISystem.out.printin("p = " + p);

if (p < Alphabet.length())

cl = Alphabet.charAt(p);

indl = indl - p *K;

}

else cl = Alphabet.charAt(0);
//ISystem.out.printin("cl = " + cl);
ngram = ngram+cl ;

}

if (printl)

System.out.printin( "ngram = " + ngram +
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"index = "+ ind);
return ngram;

}

| *

This procedure records in F the

frequency of appearance of n-grams in the given Text.

Each n-gram is given an index, a number that

identifies it in the vector F.

At the beginning, every entry of F is set to O.

The index of each n-gram of the Text is

calculated and the corresponding entry in F is

incremented by one.

*/

private static double[]] nGramsFrequency(int n,
StringBuffer Text)

{

/[Zeroed initialization
double[]] F = new double[N];
int nText = Text.length();

System.out.printin("Length  of working text = " + nText);
int start = O;
int ind = O;

/INumber of possible n-grams

int nPossibleNGrams = nText-n+1;

for(int c=0; ¢ < nPossibleNGrams; c++)

{
String ngram = Text.substring(start, start+n);
ind = index(n,ngram);
/lif a given char of an n-gram is not in
/lthe alphabet, its index is negative:
/lyou must enlarge the alphabet else ignore it.
//We ignore it.
if (ind >= 0) Flind] = F[ind] + 1;
start = start +1,

}
findMax(F);



for(int i = 0; i < N; i++)

F[i] = F[i]/nPossibleNGrams;

double sum = 0;

for(int i = 0; i < N; i++)

sum = sum + FJi];

System.out.printin("Frequencies add up to "+ sum);
double max = findMax(F);

System.out.printin("Max of frequencies "+ max);
return F;

}

//IMaximal frequency is found

private static double findMax(double[] F)

{

double max = O0;

for(int i = 0; i< F.length; i++)

if (F[] > max ) max = FJi];
//ISystem.out.printin("Max of frequencies "+ max);
return max;

}

//IMaximal frequency is found
private static double findMax(int[] F)
{

int max = O;
for(int i = 0; i< F.length; i++)

if (F[i] > max ) max = FJi];
//System.out.printin("Max of frequencies "+ max);
return max;

}

//Smirnov -Kolmogorov pre-test:

//Two vector of absolute frequencies are received,
/IThe corresponding distribution functions are calculate
/[The maximal value of the absolute difference of
/lthe two distribution functions is output
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private static double SKTest(int[] Freql, int[] Freq2)

{

//System.out.printin("Kolmogorov-Smirnov Test");
double maxD = 0;
double[] DistFunctionl
double[] DistFunction2
double[]] CumFunctionl = new double[100];
double[] CumFunctlo 2 new double[100];
double[] AbsDiff = new double[100];

new double[100];
new double[100];

CumFunction1[0] = Freql[O];
/[Cumulative absolute frequencies
for(int i = 1; i < nMarks; i++)
CumFunctionl[i] = CumFunctionl[i-1] + Freql[i];

CumFunction2[0] = Freq2[0];
for(int i = 1; i < nMarks; i++)
CumFunction2[i] = CumFunction2[i-1] + Freq2]i];

/[Distribution functions

for(int i = 1; 1 < nMarks; i++)

{

DistFunctionl[i] =
CumFunctionl[il/CumFunctionl[nMarks-1];
DistFunction2[i] =
CumFunction2[il/CumFunction2[nMarks-1];
AbsDiff[i] =

Math.abs(DistFunctionl[i] - DistFunction2]i]);
if ( AbsDiff[i] > maxD) maxD = AbsDiff[i];

System.out.printf("%7s %14s %14s " +
"007s %14s  %14s %14s %n",

"Freql[i]", "CumFunctionl[i]", "DistFunctionl][i]",
"Freq2[i]", "CumFunction2[i]", "DistFunction2]i]",
"AbsDiff[i]");

ANSWERS TO EXERCISES
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for (int i = 0; i < nMarks; i++ )
System.out.printf("% 7d %214.3f %14.3f " +
" % 7d  %14.3f %14.3f %14.3f %n",

Freql[i], CumFunctionl[i],DistFunctionl]i],
Freq2[i]l, CumFunction2[i],DistFunctionZ2]i],

AbsDiff[i]);

System.out.printin( );

System.out.printin("Max absolute difference = " +
"Math.abs(DistFunctionl[i] - DistFunction2[i]) " +
“\n = " + maxD);

double criticalvValue = 1.63/Math.sqrt(CumFunction2[nMa
System.out.printin("Critical value for significance 0.0

"\n 1.63/Math.sqrt(CumFunction2[nMarks-1]) = "

+ criticalvValue);

if (maxD > criticalvValue )

System.out.printin("THE TWO SAMPLES DO NOT COME FROM" +

" THE SAME DISTRIBUTION");

else

System.out.printin("THE TWO SAMPLES COME FROM" +
"THE SAME DISTRIBUTION");

return maxD;

}

M/End of main class 1107 twoFreqtables2

116, page 252

//Program 1116 EuclideanDistMatrix2

| *

The program calculates the vector of absolute frequencies
of all possible n-grams,

then calculates the relative frequencies

by dividing each absolute frequency

by the number of n-grams in each studied text,

next it calculates the matrix of Euclidean n-gram distances

rks-1]);
1 ="

+
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between all proteomes in the chosen folder.
Sequences must have extension .faa (fasta amino acids).

The entries in the output matrix are suitable amplified
and rounded to get an easy reading.

x/

import java.io.BufferedReader;

import java.io.File;

import java.io.FileReader;

import java.io.lIOException;

import java.util. NoSuchElementException;
import java.util.Scanner;

import java.lang.lllegalStateException;

public class EuclideanDistMatrix2

{

/IMachine for reading from hard disc
private static Scanner input;

/[Folder with proteomes with .faa extension.

//[Update this to your circumstances

private static String nameOfFolder =

"Ihome/josel/jose/AAjoser/Ciencia/" +
"GenomesComplete/GenomesSample”;

/[Full path to a specific file
private static String path;

private static File[] listOfFiles;
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/[The alphabet need by fasta format.
private static String Alphabet =
"ABCDEFGHIKLMNPQRSTUVW¥ZX

/llength of the Alphabet

private static int lengthAlf = Alphabet.length();
/lletters per n-gram

private static int n=3;
//INumber of n-grams

private static int N = (int) Math.pow(lengthAlf, n);

/IThe frequency of appearance of n-grams in the text.
IIf n>3, the assigned memory must be expanded
private static double[] freql, freq2

= new double[N];

private static int L = (int) Math.pow(lengthAlf+1, n);

//[We make run for 7 proteomes
private static double[][] nGramFreqgMatrix = new double[L] [7];

//[We make run for 7 proteomes
private static double[][] nDistanceMatrix = new double[L] [7];

private static Boolean printAll;

/IAll files in the folder that is addressed

/lby path are found.

/[Extension .faa is required.

public static void getNamesOfFiles(String path)

{
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File folder = new File(path);
listOfFiles = folder.listFiles();
String file;

System.out.printin("List of species: \n");
for (int i = 0; i < listOfFiles.length; i++)

{
if (listOfFiles[i].isFile())

file = listOfFiles[i].getName();
/[Filter for .faa format. Change this on need.
if (file.endsWith(".faa") )
System.out.printin(i + " " + file);
}

}
}
/I We read record from file
public static StringBuffer readData(String path)
throws [IOEXxception
{
/IA proteome is kept in a stringBUffer (heavy duty string)
StringBuffer genome = new StringBuffer(");
/ltry and catch gates

try
{

FileReader fr = new FileReader(path);
BufferedReader br = new BufferedReader(fr);
String s = ™

while((s = br.readLine()) != null)

{

/IFiltering of first line of each subsequence
if (s.charAt(0) = >’ )

//System.out.printIn(s);
genome = genome.append(s);



}
fr.close();
}
catch ( NoSuchElementException elementException )
{
System.err.printin( "File is corrupted.” );
input.close();
System.exit( 1 );
}

catch ( IlllegalStateException stateException )

{

System.err.printin( "Reading aborted.”" );
System.exit( 1 );
}

return genome;

/IReturns the index  of ngram in F[] vectors.
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/[An n-gram is a string with n chars taken from Alphabet.
/[Take it as a number in base = length of the Alphabet.

/[The index is that number in base 10.
private static int index(int n, String ngram)

{

char c1 = ' ’;

int p = 0;

int ind = 0;

boolean correct = true;

for(int i = 0; (i <n) & correct; i++)

{

cl = ngram.charAt(i);

p = Alphabet.indexOf(cl);

if (p>=0)

ind = (int) (ind + p * Math.pow(lengthAlf, n-i-1));
else

{
ind = -1;
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//[Detecting the presence of an alien symbol
correct = false;

}
}
if (printAll)
System.out.printin( "ngram = " + ngram + " index ="
+ ind);
return ind;

}

| *

This procedure records in F the

frequency of appearance of n-grams in the given Text.

Each n-gram is given an index, a number that

identifies it in the vector F.

At the beginning, every entry of F is set to O.

The index of each n-gram of the Text is

calculated and the corresponding entry in F is

incremented by one.

*/

private static double[] nGramsFrequency(int n,
StringBuffer Text)

{

/IZeroed initialization
double[]] F = new double[N];
int nText = Text.length();

System.out.printin("Length  of working text = " + nText);
int start = 0O;
int ind = O;

/INumber of possible n-grams
int nPossibleNGrams = nText-n+1;
for(int c=0; ¢ < nPossibleNGrams; c++)
{
String ngram = Text.substring(start, start+n);
ind = index(n,ngram);
/lif a given char of an n-gram is not in
/lthe alphabet, its index is negative:
/lyou must enlarge the alphabet else ignore it.



445

//We ignore it.

if (ind >= 0) Flind] = F[ind] + 1;

start = start +1,

}
findMax(F);
for(int i = 0; i < N; i++)
F[i] = F[i}/nPossibleNGrams;
double sum = 0;
for(int i = 0; i < N; i++)
sum = sum + Fi];
/ISystem.out.printin("Frequencies add up to "+ sum);
double max = findMax(F);
System.out.printin("Max of frequencies "+ max);
return F;

/IMaximal frequency is found

private static double findMax(double[] F)

{

double max = 0;

for(int i = 0O; i< F.length; i++)

if (F[i] > max ) max = F]i];
//System.out.printin("Max of frequencies "+ max);
return max;

}

/IThe Euclidean distance among two vectors of integer type
/l(declared as an object intVector3) is calculated
private static double euclideanDistance(int N,
double[] F1, double[] F2)
{

double sum
double d =
if (printAll)

System.out.printin("Relative frequency vectors to compa re");
for(int i = 0; i < N; i++)

= O,
0;
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{
double a = F1J[i]-F2]i];

sum = sum + & a;

d = Math.sqgrt(sum);

if (printAll)

System.out.printin(F1[i] + " " + F2[i]);
}

return d;

}

/IReports a matrix with the Euclidean n-gram distances
//between
/lall possible pairs of proteomes in listOfFiles
public static void calculateMatrix() throws IOException
{
StringBuffer proteome = new StringBuffer("™);
/In-gram analysis of all proteomes
for (int i = 0; i < listOfFiles.length; i++)
{
String file = listOfFiles[i].getName();
path = nameOfFolder + "/" + file;
proteome = readData(path);
fregl = nGramsFrequency(n, proteome);
/IResults are kept in a matrix
for (int j = 0; j < fregl.length; j++)
nGramFreqMatrix[j][i] = freql][j];
}
/[Euclidean n-gram distances are found
int L = (int) Math.pow(lengthAlf, n);
for (int i = 0; i < listOfFiles.length; i++)

{
for (int k = 0; k < L; k++)
freql[k] = nGramFreqMatrix[K][i];

for (int j = 0; j < listOfFiles.length; j++)
{



//[Euclidean distance between freql and freq2
for (int k = 0; k < L; k++)

freg2[k] = nGramFreqgMatrix[K][j];
nDistanceMatrix[i][j] =

euclideanDistance(N, freql,freq2);

}
}
}

public static void amplifyMatrix()
{

//Min is found

double min = 10;

for (int i = 0; i < listOfFiles.length; i++)
{

for (int j = i+1; j < listOfFiles.length; j++)
if (nDistanceMatrix[i][j] < min)

min = nDistanceMatrix[i][j];

}

//Amplifying factor

double factor = 10;

double OrderOfFactor = 10;
/[Factor is calculated
double g = min;

while (g < OrderOfFactor)
{

g = g*factor;

factor = 10 =factor;

}

for (int i = 0; i < listOfFiles.length; i++)

{
for (int j = 0; j < listOfFiles.length; j++)
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nDistanceMatrix[i][j] = factor = nDistanceMatrix[i][j];
System.out.printin();

}
}

public static void printMatrix()
{
System.out.printin( "\nAmplified and rounded " +
" Matrix of Euclidean n-gram distances" );
for (int i = 0; i < listOfFiles.length; i++)
{
for (int j = 0; j <= i; j++)
System.out.print((int) nDistanceMatrix[i][j] + "\t");
System.out.printin();
}
}

public static void main(String[] args) throws IOException
{

getNamesOfFiles(hameOfFolder);

/[To print additional information, change to true

printAll = false;

System.out.printin( "\nLetters per n-gram = " + n );
System.out.printin( "Lenght of the complete alphabet = " +
lengthAlf);
System.out.printin( "Number of n-grams in vector " +
"SelfEng = " + N);

calculateMatrix();
amplifyMatrix();
printMatrix();

}

HIEnd of main class 1116 EuclideanDistMatrix2
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